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FOREWORD 
The evolution of human populations over time and space has 
been a central concern of many scholars in the Human Settlements 
and Services Area at IIASA during the past several years. From 
1 9 7 5  through 1 9 7 8  some of this interest was manifested in the 
work of the Migration and Settlement Task, which was formally 
concluded in November 1 9 7 8 .  Since then, attention has turned 
to disseminating the Task's results, to concluding its compara- 
tive study, and to exploring possible future activities that 
might apply the mathematical methodology to other reseearch topics, 
This paper is part of the Task's dissemination effort. It 
reports on results that are to appear in a volume entitled 
Migration and Settlement: A Comparative Study. Other selected 
publications summarizing the work of the Migration and Settlement 
Task are listed at the back. 
Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
ABSTRACT 
I n  1976, t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems 
Ana lys i s  i n i t i a t e d  a  s t u d y  o f  m i g r a t i o n  and p o p u l a t i o n  d i s t r i b u -  
t i o n  p a t t e r n s  i n  i t s  17 member n a t i o n s .  I n  e ach  c o u n t r y ,  t h e  
a n a l y s i s  was c a r r i e d  o u t  by a  n a t i o n a l  s c h o l a r  u s ing  t e chn iques  
o f  m u l t i r e g i o n a l  demography. Th i s  paper  d e s c r i b e s  t h e  o rgan i za -  
t i o n  o f  t h e  s t u d y ,  d i s c u s s e s  t h e  d a t a  b a s e s  used ,  e v a l u a t e s  
t h e  main r e s u l t s  o b t a i n e d ,  and reviews some of  t h e  methodolog ica l  
r e s e a r c h  t h a t  ha s  been gene ra t ed  by t h e  s t udy .  Among t h e  con- 
c l u s i o n s  of  t h e  paper  a r e  recommendations f o r  r e s e a r c h e r s  wish ing  
t o  c a r r y  o u t  a  m u l t i r e g i o n a l  demographic a n a l y s i s .  
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1. INTRODUCTION 
The "population problem" in most parts of the world has two 
distinct dimensions: growth (positive or negative) and spatial 
distribution. Concern about population growth has focused 
attention on fertility patterns and has fostered family planning 
and family allowance programs in scores of countries. The issue 
of population distribution, on the other hand, has only recently 
received serious analytical attention, as programs to encourage 
the development of economically declining regions, to stem the 
growth of large urban centers in the less developed countries, 
and to revitalize the central cores of metropolitan areas have 
become parts of national agendas all over the globe. 
The unanticipated postwar baby boom had a salutary influence 
on demographic research. Extrapolations of past trends appropri- 
ately adjusted for expected changes in the age, sex, and marital 
composition of the population were very much wide of the mark. 
So long a s  t r e n d s  were s t a b l e ,  demographic p r o j e c t i o n s  prospered;  
b u t  when a  " t u r n i n g  p o i n t "  occur red ,  t h e  p r o j e c t i o n s  f loundered.  
The n e t  r e s u l t  was i n c r e a s e d  p r e s s u r e  t o  cons ide r  t h e  complex 
i n t e r r e l a t i o n s h i p s  between f e r t i l i t y  behavior  and socioeconomic 
development. 
But t h e  poor p r e d i c t i v e  performance a l s o  had another  impor tan t  
e f f e c t - - i t  s t i m u l a t e d  r e s e a r c h  i n  improved methods f o r  m e a s u r i n g  
f e r t i l i t y  and f o r  unders tanding t h e  d y n a m i c s  by which it ,  t o g e t h e r  
w i th  m o r t a l i t y ,  de te rmines  the- age composit ion of a  popula t ion .  
Inasmuch a s  a t t e n t i o n  was p r i n c i p a l l y  d i r e c t e d  a t  n a t i o n a l  popu- 
l a t i o n  growth, measurement of i n t e r n a l  migra t ion  and t h e  s p a t i a l  
dynamics through which i t  a f f e c t s  a  n a t i o n a l  s e t t l e m e n t  p a t t e r n  
were neq lec t ed .  This  n e g l e c t  l e d  Dudley Kirk (1960) t o  conclude,  
i n  h i s  1960 P r e s i d e n t i a l  add res s  t o  t h e  Popula t ion  Assoc i a t i on  of  
America, t h a t  t h e  s tudy  of migra t ion  was t h e  s t e p c h i l d  of demogra- 
phy. S ix t een  y e a r s  l a t e r ,  Sidney Golds te in  echoed t h e  same theme 
i n  h i s  P r e s i d e n t i a l  add res s  t o  t h e  same body: 
... t h e  improvement i n  t h e  q u a n t i t y  and q u a l i t y  of our  
in format ion  on popu la t ion  movement has  n o t  kep t  pace 
wi th  t h e  i n c r e a s i n g  s i g n i f i c a n c e  of  movement i t s e l f  
a s  a  component of demographic change .... Red i s t r i bu -  
t i o n  has  s u f f e r e d  f a r  t o o  long from n e g l e c t  w i t h i n  
t h e  p r o f e s s i o n  .... I t  behooves us  t o  r e c t i f y  t h i s  
s i t u a t i o n  i n  t h i s  l a s t  q u a r t e r  of t h e  t w e n t i e t h  
cen tu ry ,  when r e d i s t r i b u t i o n  i n  a l l  i t s  f a c e t s  w i l l  
undoubtedly c o n s t i t u t e  a  major and i n c r e a s i n g l y  
impor tan t  component of demographic change ... 
(Golds te in  1976, pp. 1 9 - 2 1 )  
Despi te  a  g e n e r a l  r ecogn i t i on  t h a t  mig ra t ion  p roces ses  and 
s e t t l e m e n t  p a t t e r n s  a r e  i n t i m a t e l y  r e l a t e d  and m e r i t  s e r i o u s  
s tudy ,  one n e v e r t h e l e s s  f i n d s  t h a t  t h e  dynamics of t h e i r  i n t e r -  
r e l a t i o n s h i p s  a r e  n o t  a t  a l l  we l l  understood.  An impor tan t  
reason  f o r  t h i s  l a c k  of unders tanding i s  t h a t  demographers have 
i n  t h e  p a s t  neg'lected t h e  s p a t i a l  dimension of popu la t ion  growth. 
Thus, whereas problems of f e r t i l i t y  and m o r t a l i t y  long ago 
s t i m u l a t e d  a  r i c h  and s c h o l a r l y  l i t e r a t u r e ,  s t u d i e s  of migra t ion  
have on ly  r e c e n t l y  begun t o  f l o u r i s h .  
The p r e s s i n g  need f o r  developing improved methods f o r  
measuring migra t ion  and unders tanding i t s  impor tan t  r o l e  i n  
human s p a t i a l  popu la t ion  dynamics l e d  t h e  I n t e r n a t i o n a l  I n s t i t u t e  
f o r  Applied Systems Analys i s  ( I I A S A )  i n  1976 t o  o rgan ize  a  mu l t i -  
n a t i o n a l  s tudy  of  i n t e r n a l  mig ra t ion  and popula t ion  d i s t r i b u t i o n  
p a t t e r n s  i n  i t s  member c o u n t r i e s .  Recent ly  developed techniques  
of m u l t i r e g i o n a l  demographic a n a l y s i s  (Rogers 1975) provided t h e  
un i fy ing  methodological  framework f o r  t h i s  s tudy ,  i n  which s c h o l a r s  
from t h e  17 member n a t i o n s  p a r t i c i p a t e d . *  
Mul t i r eg iona l  demography d e a l s  w i th  t h e  e v o l u t i o n  of s p a t i a l l y  
in te rdependent  r e g i o n a l  popu la t ions .  I t  focuses  on t h e i r  s i z e s ,  
age composi t ions ,  and geographica l  d i s t r i b u t i o n s ,  a s  w e l l  a s  on t h e  
changes of t h e s e  c h a r a c t e r i s t i c s  over  t ime.  Such a  p e r s p e c t i v e  
a l lows  r e s e a r c h e r s  t o  examine t h e  demographic i n t e r a c t i o n s  between 
t h e  urban and r u r a l  agglomerat ions  t h a t  shape n a t i o n a l  human 
s e t t l e m e n t  p a t t e r n s .  The a b i l i t y  of such a  method t o  i d e n t i f y  
t h e  demographic impacts  of i n t e r r e g i o n a l  migra t ion  f lows and of 
r e g i o n a l l y  d i f f e r e n t i a t e d  regimes of m o r t a l i t y  and f e r t i l i t y ,  
*A l i s t  of t h e  s c h o l a r s  and t h e i r  n a t i o n a l  r e p o r t s  appears  a t  
t h e  end of t h i s  paper .  
make it an especially useful tool for projecting subnational and 
multiregional populations. The Comparative Migration and Settle- 
ment (CMS) Study at IIASA was organized primarily to disseminate 
this tool to scholars and professionals dealing with population 
problems in the IIASA countries. 
This paper focuses on some of the results of the CMS study. 
It begins with a short review of the study's organization and 
design, which had as a major objective the promotion of collabor- 
ation between scientists in IIASA's member countries. The following 
section describes the data base used for the study and especially 
the severe data problems that resulted from the limited compara- 
bility and availability of regional statistics on mortality, 
fertility, and migration. Section 4 describes national and sub- 
national patterns of mortality, fertility, and migration in the 
17 member countries of IIASA. Section 5 considers the age 
compositions and regional distributions of the populations. 
The delineation of appropriate regions for comparative 
analysis and the use of harmonized migration statistics were 
not available options for this study. Consequently, the results 
reported in this paper should be interpreted with great care 
and some skepticism. The IIASA study is the first study of 
its kind, and a great deal has been learned about population 
redistribution patterns and about analytical-conceptual problems 
in comparative migration analysis. A rich agenda for future 
research is an important outcome of the CMS study. Thus, in 
the last section of the paper, an example is given of some of 
the research questions that have been generated by the study. 
The section considers problems of migration measurement (move- 
ment versus transition perspectives) and reports on experiments 
conducted to evaluate the reliability of the simple Markovian 
model, which underlies the multiregional analysis, and the accuracy 
of the procedures that were used to fit that model to the avail- 
able data. 
2. DESIGN AND ORGANIZATION OF THE CMS STUDY 
The design and organization of the CMS study was affected 
* 
by the environment in which it was carried out. IIASA is an 
international nongovernmental organization, with scientific insti- 
tutions in over two dozen countries participating in its work. 
The most important of these are the National Member Organizations 
(NMOS), which are the representative bodies of the scientific 
communities in the 17 member nations. The NMO countries differ 
(Table 1) in size, level of development, and economic system as 
well as in the demographic characteristics of their populations. 
Large variations are also to be found in the characteristics and 
quality of available demographic data. 
By engaging in research that is both interdisciplinary and 
international, IIASA tries to contribute to a better understanding, 
and ultimately to a resolution, of the problems that are of sig- 
nificance to its member countries. The CMS study was initiated in 
this context, having as its aim a quantitative assessment of pat- 
terns of migration and population redistribution in the NMO 
*For an early description of the study's purpose and design, see 
Rogers (1976a, b). 
Table 1. Basic demographic and economic indicators for IIASA member nations: 1978. 
Country 
Avg. Crude Crude 
Area growth o f  b i r t h  d e a t h  L i f e  T o t a l  GNP 
(1000s Popula- p o p u l a t i o n  r a t e  r a t e  expectancy f e r t i l i t y  p e r  
o f  s q .  t i o n  i n  1970-78 a t  b i r t h  r a t e  ( p e r  c a p i t a  
km. ) 6 ( X  1 0  ( p e r  1000) ( p e r  1000) ( y e a r s )  woman ) ( $ 1  
1 A u s t r i a  
2 B u l g a r i a  
3 Canada 
4 Czechoslovakia  
5 F e d e r a l  Republ ic  
o f  Germany 
6 F i n l a n d  
7 France 
8 German Democratic 
Republ ic  
9 Hungary 
1 0  I t a l y  
11 Japan  
1 2  N e t h e r l a n d s  
1 3  Poland 
14 S o v i e t  Union 
1 5  Sweden 
16 Uni ted Kingdom 
17 Uni ted S t a t e s  
SOURCE: World Bank (1980) a s  p r e s e n t e d  i n  Tab le  1 o f  Rees and Wi l lekens  (1981, p .  4 ) .  
countries to be carried out by national scholars who would use 
the same methodology. A network of collaborating scholars was 
established, and multiregional demography was adopted as the 
common methodology, which,it was felt, would enhance the com- 
parability of the results. 
The C!4S study involved a number of steps: 
Data c o l l e c t i o n .  The national collaborator assembled 
the population, birth, death, and migration data for 
the set of regions to be studied, using official 
published or unpublished sources. Regions were 
defined by the national scholar so as to make the 
results as useful to his or her country as possible. 
Data p r o c e s s i n g .  Data processing generally was done 
at IIASA. A package of standard computer programs 
was developed for this purpose (Willekens and Rogers 
1978). In many cases, data processing also included 
data adjustment and the estimation of missing data. 
The standard output of the data processing consisted 
of single and multiregional life tables, measures of 
fertility and mobility, multiregional population pro- 
jections, and statistics of the associated stable 
multiregional populations. 
A n a l y s i s  and p r e p a r a t i o n  o f  r e p o r t .  The analysis of 
the computer output was done by the national scholar 
in close cooperation with IIASA. The analysis was 
complemented by a more traditional and descriptive 
exposition of recent migration patterns and spatial 
population structures, and each study included an 
overview of current migration and population distri- 
bution policies. The contributing scholars prepared 
a report on the basis of this research, following a 
common outline. The reports were published by IIASA, 
in the order listed at the end of this paper. 
Four major  o u t p u t s  have r e s u l t e d  from t h e  CMS s t u d y .  The 
f i r s t  i s  a  c o l l e c t i o n  of 1 7  r e p o r t s ,  e a c h  p r e s e n t i n g  a  n a t i o n a l  
demographic a n a l y s i s  a s  w e l l  a s  append ixes  c o n t a i n i n g  t h e  observed 
d a t a  used f o r  t h e  p a r t i c u l a r  c o u n t r y ,  a g e - s p e c i f i c  r a t e s ,  s e l e c t e d  
l i f e  t a b l e  r e s u l t s ,  and p o p u l a t i o n  p r o j e c t i o n s .  The second i s  
t h e  e s t a b l i s h m e n t  o f  a n  a c t i v e  network o f  c o l l a b o r a t i n g  s c h o l a r s  
i n  many c o u n t r i e s ,  which i s  now l i n k e d  by t h e  n e w s l e t t e r  POPNET. 
The t h i r d  r e s u l t  t h a t  t h e  s t u d y  h a s  g e n e r a t e d  i s  a  IIASA d a t a  
bank c o n t a i n i n g  i n f o r m a t i o n  on r e g i o n a l  p o p u l a t i o n  s t r u c t u r e s  and 
on t h e  components o f  r e g i o n a l  demographic change.  Although t h i s  
d a t a  bank h a s  a  number o f  weaknesses ,  it n e v e r t h e l e s s  i s  a  unique 
r e s o u r c e  f o r  compara t ive  r e g i o n a l  demographic a n a l y s i s ;  t h e  r e s u l t s  
r e p o r t e d  i n  t h i s  p a p e r  a r e  based  on t h i s  i n f o r m a t i o n .  F i n a l l y ,  
t h e  CMS s t u d y  h a s  g e n e r a t e d  a  r i c h  agenda f o r  f u r t h e r  r e s e a r c h .  
For  example, d u r i n g  t h e  c o u r s e  of  t h e  s t u d y  many o f  t h e  c u r r e n t l y  
a v a i l a b l e  t e c h n i q u e s  f o r  m i g r a t i o n  a n a l y s i s  and f o r  s u b n a t i o n a l  
p o p u l a t i o n  p r o j e c t i o n  were c h a l l e n g e d .  A s  a  r e s u l t ,  r e s e a r c h e r s  
i n  s e v e r a l  IIASA c o u n t r i e s  a r e  now working on s p e c i f i c  t o p i c s  o f  
t h e  c o n t i n u i n g  r e s e a r c h  agenda. A few o f  t h e i r  f i n d i n g s  w i l l  be 
mentioned i n  t h i s  p a p e r .  
3 .  DATA BASE FOR THE CMS STUDY 
The purpose  o f  t h i s  s e c t i o n  i s  t o  d e s c r i b e  b r i e f l y  t h e  d a t a  
b a s e  used i n  t h e  CMS s t u d y  and t o  l i s t  some of  t h e  problems 
encoun te red  i n  p r e p a r i n g  a  comple te  d a t a  set  f o r  m u l t i r e g i o n a l  
a n a l y s i s .  
M u l t i r e g i o n a l  demographic t e c h n i q u e s  r e q u i r e  more d a t a  t h a n  
c o n v e n t i o n a l  methods. The n e c e s s a r y  d a t a  c o n s i s t  of  p o p u l a t i o n ,  
b i r t h s ,  d e a t h s ,  and migran ts  by age and r eg ion  (and,  i f  p o s s i b l e ,  
by s e x ) ,  and t h e  migra t ion  d a t a  should be d i sagg rega t ed  by a r e a  0% 
o r i g i n  and a r e a  of d e s t i n a t i o n .  
Data on e x t e r n a l  migra t ion  a r e  n o t  necessary  i f  t h e  mu l t i -  
r e g i o n a l  system may be assumed t o  be r e l a t i v e l y  una f f ec t ed  by 
emigra t ion  and immigration,  which was t h e  assumption adopted by 
t h e  CMS study.  
For a  number of r ea sons ,  t h e  a v a i l a b l e  publ i shed  d a t a  were 
never  complete o r  i n  t h e  r i g h t  form f o r  use by t h e  CMS study.  
I n  some i n s t a n c e s ,  t h e  d a t a  need was s a t i s f i e d  by s p e c i a l  
t a b u l a t i o n s  c a r r i e d  o u t  by n a t i o n a l  s t a t i s t i c a l  o f f i c e s ,  b u t  
i n  most c a s e s  we had t o  r e l y  on techniques  of i n d i r e c t  est ima- 
t i o n .  The d a t a  base f o r  t h e  CMS s tudy  i s  d i scussed  i n  some d e t a i l  
by Rees and Willekens (1981) .  I n  t h a t  paper ,  t h e  au tho r s  p r e s e n t  
t h e  t ime and space frameworks f o r  which t h e  d a t a  were c o l l e c t e d  
and review t h e  e s t i m a t i o n  techniques  t h a t  were used t o  gene ra t e  
miss ing d a t a ,  which g e n e r a l l y  were t hose  r e f e r r i n g  t o  migra t ion .  
D e t a i l s  on m o r t a l i t y  d a t a  may be found i n  Termote (1982) ,  on 
f e r t i l i t y  d a t a  i n  K i m  (1982) ,  and on migra t ion  d a t a  i n  Rogers and 
Cas t ro  (1982) .  An overview of t h e  d a t a  base  i s  given below. 
3.1 Base Per iod  
The f i r s t  s t e p  i n  t h e  i n i t i a t i o n  of t h e  CMS s tudy  was t h e  
s e l e c t i o n  of a  base  pe r iod  f o r  which t o  o b t a i n  d a t a .  To reduce 
t h e  amount of d a t a  p roces s ing  involved ,  a  d e c i s i o n  was made t o  
l i m i t  t h e  base pe r iod  t o  a  s i n g l e  year  whenever p o s s i b l e ,  t h e  
period selected being mainly determined by data availability. 
And whenever possible, the year selected was the most recent one 
for which a relatively complete set of necessary data were avail- 
able. For countries with a registration system, that is, most 
European aountries, a year in the mid-1970s was used, whereas 
for countries in which population censuses are the main source 
of migration data, the year of the last census was selected. 
3.2 Sex and Age Disaggregation 
For the CMS study the population generally was not disag- 
gregated by sex. Data availability was only a minor consideration 
in this decision. Although several countries did not have all of 
the requisite data disaggregated by sex, such data could have 
been estimated. A major consideration was methodological conven- 
ience, inasmuch as two-sex models are not yet fully developed in 
multiregional demography.* 
The age classification of the population in all but two 
instances was in terms of five-year age groups, with 85 being 
the highest open-ended age group in 15 of the 17 countries (the 
two exceptions were Finland and the German Democratic Republic). 
In some cases, this required an interpolation, extrapolation, 
or respecification of the age grouping. 
*One of the more recent results of demographic research carried 
out at IIASA is an improved specification cf a two-sex marriage 
model (Sanderson 198 1 ) . 
3 . 3  The M u l t i r e g i o n a l  System 
The s e l e c t i o n  of  an a p p r o p r i a t e  set  o f  r e g i o n s  was one 
o f  t h e  most d i f f i c u l t  t a s k s  i n  t h e  CMS s t u d y .  T h e o r e t i c a l ,  
m e t h o d ~ l o g i c a l ~ a n d  d a t a  c o n s i d e r a t i o n s ,  a s  w e l l  a s  t h e  i n t e r e s t s  
o f  p o t e n t i a l  u s e r s ,  w e r e  a l l  t a k e n  i n t o  a c c o u n t ,  and t h e  outcome 
had t o  be  a  compromise. The c o n c e p t  o f  a  r e g i o n  h a s  a lways  been 
much d e b a t e d  i n  s o c i a l  s c i e n c e s ,  p a r t i c u l a r l y  i n  geography,  where 
two c o n f l i c t i n g  views a r e  o f t e n  p r e s e n t e d .  The f i r s t  sees coun- 
t r i e s  a s  b e i n g  d i v i d e d  up i n t o  f u n c t i o n a l  r e g i o n s ,  t h a t  i s ,  a r e a s  
c e n t e r e d  on nodes around which human a c t i v i t i e s  t a k e  p l a c e .  The 
second views r e g i o n s  a s  homogeneous u n i t s  o f  t h e  n a t i o n ;  i n  t h i s  
view s p a t i a l  u n i t s  a r e  c l a s s i f i e d  on t h e  b a s i s  o f  t h e i r  cha rac -  
t e r i s t ics  and n o t  on t h e  b a s i s  o f  t h e i r  p a t t e r n  o f  i n t e r a c t i o n  
w i t h  o t h e r  u n i t s .  
The i d e n t i f i c a t i o n  o f  e i t h e r  f u n c t i o n a l  o r  homogeneous 
r e g i o n s  i s  g e n e r a l l y  made d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  by d a t a  
l i m i t a t i o n s .  Fur the rmore ,  i n  most c o u n t r i e s  t h e s e  r e g i o n s  have  
o n l y  a  l i m i t e d  r e l e v a n c e  f o r  p l a n n i n g ,  because  t r a d i t i o n a l  
a d m i n i s t r a t i v e  r e g i o n s  c o n s t i t u t e  r e g i o n a l  p l a n n i n g  u n i t s .  
Consequent ly ,  t h e  main c r i t e r i o n  f o r  t h e  s e l e c t i o n  of  a  m u l t i -  
r e g i o n a l  sys tem i n  t h e  CMS s t u d y  was n e i t h e r  n o d a l i t y  n o r  homo- 
g e n e i t y  b u t  t h e  r e l e v a n c e  o f  t h e  sys tem f o r  e x i s t i n g  p l a n n i n g  
a c t i v i t i e s .  The f i n a l  s e l e c t i o n  o f  t h e  se t  of  r e g i o n s  was l e f t  
t o  t h e  n a t i o n a l  s c h o l a r s  p a r t i c i p a t i n g  i n  t h e  p r o j e c t ,  because  
t h e y  w e r e  more informed abou t  which m u l t i r e g i o n a l  sys tems  w e r e  
most r e l e v a n t  f o r  t h e i r  c o u n t r i e s .  
T a b l e  2 l i s t s  t h e  m u l t i r e g i o n a l  sys tems used i n  t h e  CMS 
s t u d y .  The r e g i o n s  a r e  i l l u s t r a t e d  i n  F i g u r e  1 and t h e i r  names 
a r e  set  o u t  i n  Tab le  3 .  
Each r e g i o n a l  sys tem used i n  t h e  CMS s t u d y  h a s  t h e  advan tage  
of  b e i n g  p l a n n i n g  o r i e n t e d ,  and t h e r e f o r e  t h e  problems o f  d a t a  
a v a i l a b i l i t y  a r e  minimized.  There a r e ,  however, i m p o r t a n t  d i s -  
a d v a n t a g e s ,  because  t h e  r e g i o n s  a r e  n o t  n e c e s s a r i l y  homogeneous 
w i t h  r e s p e c t  t o  t h e i r  demographic c h a r a c t e r i s t i c s ,  and t h e y  d i f -  
f e r  g r e a t l y  i n  s i z e .  Both f e a t u r e s  c o m p l i c a t e  t h e  compara t ive  
a s s e s s m e n t s  o f  t h e  s t u d y ' s  a n a l y t i c  r e s u l t s .  
3 . 4  The Measurement o f  Migra t ion  
A major  problem i n  compara t ive  m i g r a t i o n  a n a l y s i s  a r i s e s  
a s  a  consequence o f  d i f f e r e n c e s  among c o u n t r i e s  i n  t h e  p r o c e d u r e s  
t h a t  a r e  used  t o  measure m i g r a t i o n :  a  change of  community of  
r e s i d e n c e .  There  a r e ,  n e v e r t h e l e s s ,  two p r i n c i p a l  t y p e s  o f  d a t a  
c o l l e c t i o n  p r o c e d u r e s - r e g i s t r a t i o n  sys tems and censuses-both  
o f  which a r e  implemented i n  many c o u n t r i e s .  The r e g i s t r a t i o n  
sys tem,  g e n e r a l l y  used  i n  Europe,  r e q u i r e s  e a c h  change o f  a d d r e s s  
t o  b e  r e g i s t e r e d  w i t h  t h e  l o c a l  a u t h o r i t i e s .  Thus e v e r y  move ( a  
passage  from one  p l a c e  o f  r e s i d e n c e  t o  a n o t h e r )  i s  coun ted  and 
t h e  a g g r e g a t e  s t a t i s t i c a l  d a t a  t h a t  d e s c r i b e  t h e  number o f  moves 
a r e  s a i d  t o  be movement d a t a .  Other  c o u n t r i e s ,  such a s  F r a n c e ,  
t h e  Uni ted  Kingdom, and t h e  Uni ted  S t a t e s ,  d e r i v e  m i g r a t i o n  
s t a t i s t i c s  from a  r e t r o s p e c t i v e  q u e s t i o n  i n  t h e  n a t i o n a l  census .  
I n  such  c e n s u s e s ,  m i g r a t i o n  i s  measured by comparing p l a c e s  o f  
r e s i d e n c e  a t  two c o n s e c u t i v e  p o i n t s  i n  t i m e ,  t h e  second o f  which 
i s  t h e  t i m e  o f  enumera t ion .  For most IIASA c o u n t r i e s  t h i s  d a t e  
T a b l e  2 .  The r e g i o n s  used  i n  t h e  CMS s t u d y .  
S c a l e  o f  r e a i o n s  
Country Coarse Medium F i n e  
1 A u s t r i a  4 Lander aggre-  9 Lander bd 95 Gemeinden 
a g a t i o n s  ( s t a t e s )  
2 B u l g a r i a  --- 7 Regionsbd 28 D i s t r i c t s  
3 Canada --- 10 provincesbd 
4 Czechoslovakia  2 Republ ics  1 0  Regions bd 12 A d m i n i s t r a t i v e  
Regional  U n i t s  
5 FRG --- 10 Lander bd 58 F u n c t i o n a l  Urban 
and W .  B e r l i n  Reqions 
6 F i n l a n d  --- 12 Laani  bd 16 Economic Regions ( p r o v i n c e s )  
c 
7 France  8 ZEATsbd 22 Regions 95 Departments 
( p l a n n i n g  zones)  
8 GDR 5 Regionsbd 1 5  Regions 
cd 219 K r e i s e  ( d i s t r i c t s )  ( c o u n t i e s )  
9 Hungary --- 6 Economic P - 25 C o u n t i e s  & 
n i n g  Regions County Towns C 
1 0  I t a l y  5 .Regions --- 20 Admi i s t r a t i v e  bd 
U n i t s  ac2 
11 Japan --- 8 Regions bd 47 P r e f e c t u r e s  
12 Nether lands  5 G e o g r g p i c  12 P r o v i n c e s  cd 40 COROP Regions 
Regions 129 Economic Geo- 
g r a p h i c  Areas 
1 3  Poland --- 1 3  Regions bd 22 Voivodships  ( t o  
1975) , 49 voivod- 
C 
s h i p s  ( s i n c e  (1975) 
1 4  S o v i e t  Union Urban d Rura l  a F  8 U n i t s :  7 Urban 1 5  Republ ics  Areas  Regions & Rural  
Remainder b& 
1 5  Sweden 8 Regions bd 24 C o u n t i e s  C 
70 A-Resions 
1 6  Uni ted Kingdom 2 S tandard  Regions 1 0  Stangld 1 8  Conurba t ions  & 
& Remainder o f  Regions Region Remainder 
Country a 6 1  C o u n t i e s  & 
Resions  
17  Uni ted S t a t e s  4 Regions bd 9 Census 50 S t a t e s  
D i v i s i o n s  Q 
a ~ e c o n d a r y  m u l t i r e g i o n a l  a n a l y s i s  c a r r i e d  o u t  a t  t h i s  s c a l e .  b P r i n c i p a l  m u l t i r e g i o n a l  a n a l y s i s  c a r r i e d  o u t  a t  t h i s  s c a l e .  
C dAddi t iona l  s i n g l e - r e g i o n  a n a l y s i s  c a r r i e d  o u t  a t  t h i s  s c a l e .  
D a t a  prov ided  i n  Research Report  a t  t h i s  s c a l e  f o r  m u l t i r e g i o n a l  a n a l y s i s .  
Notes  f o r  t h i s  Tab le  a r e  on t h e  fo l lowing  page.  
Notes f o r  Table 
AUS t r i a  : 
~ u l g a r i a  : 
Canada : 
Czechoslovakia: 
FRG : 
Fin land:  
France : 
GDR : 
Hungary : 
I t a l y :  
Japan : 
Netherlands : 
Poland: 
Sov ie t  Union: 
Sweden : 
United Kingdom: 
United S t a t e s  : 
The f o u r  r eg ions  a r e  groupings o f  t h e  n i n e  Aus t r ian  Lander. 
The seven Bulgarian r eg ions  a r e  groupings of 28 adminis t ra -  
t i v e  d i s t r i c t s .  
The Canadian s tudy  omi ts  t h e  Yukon and North West T e r r i t o r i e s  
from t h e  mu l t i r eg iona l  a n a l y s i s .  The provinces  a r e  admini- 
s t r a t i v e  u n i t s .  
Seven of t h e  r e g i o n a l  u n i t s  f a l l  i n  t h e  Czech Republic and 
t h r e e  i n  t h e  Slovak Republic.  
The Lander a r e  a d m i n i s t r a t i v e  reg ions .  
The provinces  a r e  a d m i n i s t r a t i v e  u n i t s .  
The ZEATs a r e  t h e  zones d'etu.de e t  dram/enagement du t e r r i -  
t o i r e ,  o r i g i n a l l y  de f ined  f o r  t h e  r e g i o n a l i z a t i o n  o f - t h e  
S i x t h  Nat iona l  P lan .  They a r e  groupings of  t h e  22 program- 
ming r eg ions .  
The mu l t i r eg iona l  a n a l y s i s  of t h e  German Democratic Republic 
was c a r r i e d  o u t  p r i n c i p a l l y  u s ing  f i v e  macroregions,  though 
some a n a l y s i s  was done wi th  15 r e g i o n s ,  which were t h e  15 
a d m i n i s t r a t i v e  d i s t r i c t s  of t h e  German Democratic Republic 
(Bez i rke ) .  The macroregions were aggrega t ions  of  t h e  admin- 
i s t r a t i v e  d i s t r i c t s .  
The 6 reg ions  a r e  groupings of t h e  25 a d m i n i s t r a t i v e  d i s t r i c t s ,  
The 5 r eg ions  a r e  amalgamations of  t h e  20 a d m i n i s t r a t i v e  u n i t s .  
The e i g h t  r eg ions  a r e  aggrega t ions  o f  t h e  47 a d m i n i s t r a t i v e  
p r e f e c t u r e s .  
The f i v e  r eg ions  a r e  groups of  t h e  l l a d m i n i s t r a t i v e  provinces  
and t h e  Ysselmeerpolders.  
The 13 P o l i s h  r eg ions  a r e  groupings of t h e  49 (post-1975) 
a d m i n i s t r a t i v e  voivodships .  Before 1975 t h e r e  were 22 voi-  
vodships  . 
The urban r eg ions  a r e  n o t  cont iguous.  
The r e g i o n a l  u n i t s  a r e  amalgamations of c o u n t i e s  (admini- 
s t r a t i v e  u n i t s ) .  
The u n i t e d  Kingdom reg iona l  a n a l y s i s  covers  11 r eg ions :  t h e  
e i g h t  s t anda rd  reg ions  of England, p l u s  Wales, Scot land ,  
and Northern I r e l a n d .  I n  t h e  m u l t i r e g i o n a l  a n a l y s i s  Northern 
I r e l a n d  was omi t ted .  The t h r e e  reg ions  ( coa r se  r eg iona l i za -  
t i o n )  a r e  used i n  t h e  United Kingdom chap te r  a n a l y s i s  and 
t h e  Ledent and Rees (1980) s tudy.  The s t anda rd  r eg ions  a r e  
aggrega t ions  f o r  s t a t i s t i c a l  purposes  of t h e  a d m i n i s t r a t i v e  
coun t i e s .  
The f o u r  r eg ions  a r e  aggrega t ions  o f  t h e  n i n e  census d i v i s i o n s ,  
which a r e  amalgamations of  t h e  50 a d m i n i s t r a t i v e  s t a t e s .  
SOURCE: Rees and Willekens (1981, pp. 44-45),  wi th  c o r r e c t i o n s  by au tho r s .  

Regions not in 
multi regional analyses 
Figure 1 (contd.) The regions used in the CMS study: 
( B )  Europe. 
Source: Rees and Willekens (1981, p. 4 7 )  . 
Table  3 .  Names of  t h e  r e g i o n s  and r e f e r e n c e  y e a r  used i n  t h e  m u l t i r e g i o n a l  po? u l a t i on  a n a l y s e s .  
1. Austria (1971) 4. Czechoslovakia (1975) 
Burgenland 
Carinthia 
Lower Austria 
Upper Austria 
Salzburg 
Styria 
Tyrol 
Vorarlberg 
Vienna 
2. Bulgaria (1975) 
NW North West 
NO North 
NE North East 
SW South West 
SH South 
SE South East 
SP Sofia 
3. Canada (1971) 
NF Newfoundland 
PE Prince Edward Island 
NS Nova Scotia 
NB New Brunswick 
Central Bohemia 
Southern Bohemia 
Western Bohemia 
Northern Bohemia 
Eastern Bohemia 
Southern Moravia 
Northern Moravia 
Western Slovakia 
Central Slovakia 
Eastern Slovakia 
6. Finland (1974) 
Uusimaa 
Turku and Pori 
Ahvenanmaa 
H&ne 
Kymi 
Mikkeli 
Pohjois-Karjala 
Kuopio 
Keski-Suomi 
Vaasa 
ou Oulu 
LA Lappi 5. Federal Republic of Germany (1974) 
SH Schleswig-Holstein 
HA Hamburg 
Lower Saxony 
Bremen 
N. ~hine-westphalia 
Hessen 
Rheinland- Palatinate 
Badcn- Wuerttemburg 
Bavaria 
Saarland 
West Berlin 
7. France (1975) 
Paris Region 
Paris Basin 
North 
East 
West 
South West 
Middle East 
Mediterranean 
German Democratic Republic (1975) 
QU Quebec NO North 
ON Ontario BE Berlin 
MA Manitoba SW Southwest 
SA Saskatchewan SO South 
AL Alberta MI Middle 
BC British Columbia 
Table  3 .  Cont inued.  
9. Hungary (1974) 13. Poland (1977) 
CE Central WA Warsaw 
NH North Hungary LO ~ 6 d z  
NP North Plain GD ~da6sk 
SP South Plain KA Katowice 
NT North Trans-Danubia CR Cracow 
ST South Trans-Danubia EC East-Central 
NE Northeast 
10. Italy (1978) 
NW North West 
NE North East 
CE Center 
SO South 
IS Islands 
11. Japan (1970) 
Hokkaido 
Tohoku 
Kanto 
Chubu 
Kinki 
Chugoku 
Shikoku 
Kyushu 
12. Netherlands (1974) 
NW Northwest 
SO South 
SE Southeast 
EA East 
WC West-Central 
WE West 
14. Soviet Union (1974) 
RS Urban areas of the RSFSR 
UM Urban areas of the Ukrainian 
and Moldavian SSRs 
BY Urban areas of the Byelorussian 
SSR 
CE Urban areas of the Central Asian 
Republics (Uzbek , Kirghiz , 
Tadzhik and Turkmen SSRs) 
KA Urban areas of the Kazakh SSR 
CA Urban areas of the Caucasian 
Republics (the Georgian, Azer- 
baijan and Armenian SSRs) 
NO North BA Urban areas of the Baltic Republics 
EA East (the Estonian, Latvian and 
WE West Lithuanian SSRs) 
SW South-We st RU Rural areas of the USSR 
SO South 
SOURCE: Rees and Willekens (1981, PP. 48-49) , amended. 
Sweden (1974) 
Stockholm 
East Middle 
South Middle 
South 
West 
North Middle 
Lower North 
Upper North 
United Kingdom (1970) 
North 
Yorkshire and Humberside 
North West 
East Midlands 
West Midlands 
East Anglia 
South East 
South West 
Wales 
Scotland 
17. United States (1970) 
NE Northeast 
NC North Central 
SO South 
WE West 
was f i v e  y e a r s  p r i o r  t o  t h e  c e n s u s ;  however ,  i n  F r a n c e ,  t h e  i n t e r -  
v a l  was seven  y e a r s  and i n  J a p a n  it was o n l y  one  y e a r .  I n  t h i s  
form o f  m i g r a t i o n  measurement ,  i n d i v i d u a l  moves a r e  n o t  r e c o r d e d ;  
what  a r e  r e c o r d e d  a r e  t r a n s i t i o n s  made between t h e  s t a r t  and t h e  
end  o f  a  g i v e n  t i m e  i n t e r v a l .  These  d a t a  on m i g r a t i o n  a r e  t h e r e -  
f o r e  r e f e r r e d  t o  a s  transition data. R e t u r n  m i g r a t i o n  and o t h e r  
m u l t i p l e  moves d u r i n g  t h e  i n t e r v a l  a r e  n o t  r e p r e s e n t e d  i n  t r a n s i -  
t i o n  d a t a .  
I n  t h e  CMS s t u d y  b o t h  r e g i s t r a t i o n - b a s e d  movement d.ata and 
census -based  t r a n s i t i o n  d a t a  w e r e  employed; movement d a t a  were 
used  i n  11 o u t  o f  1 7  c o u n t r y  s t u d i e s  and t r a n s i t i o n  d a t a  w e r e  u s e d  
i n  t h e  r e m a i n i n g  6 s t u d i e s  ( T a b l e  4 ) .  
T a b l e  4 .  The CMS s t u d i e s  c l a s s i f i e d  by t y p e  o f  m i g r a t i o n  d a t a .  
Movement d a t a  
( r e g i s t r a t i o n )  
T r a n s i t i o n  d a t a U  
( c e n s u s )  
B u l g a r i a  
Czechoslovakia  
F e d e r a l  Republ ic  o f  Germany 
F i n l a n d  
German Democratic Repub l ic  
Hungary 
I t a l y  
N e t h e r l a n d s  
Poland 
S o v i e t  Union 
Sweden 
A u s t r i a  ( 5 )  
Canada ( 5 )  
F rance  b ( 7 )  
Japan  (1) 
C Uni ted  Kingdom (1 and 5 )  
Uni ted  S t a t e s  ( 5 )  
a The l e n g t h  o f  t h e  r e f e r e n c e  p e r i o d ,  i n  y e a r s ,  i s  g i v e n  i n  p a r e n t h e s e s .  
bFor t h e  a n a l y s i s ,  t h e  seven-year  t r a n s i t i o n  r a t e s  were f a c t o r e d  down t o  
f i v e - y e a r  r a t e s  (Leden t  w i t h  Courgeau 1 9 8 2 ) .  
C The UK 1970-census c o n t a i n e d  q u e s t i o n s  on t h e  p l a c e  o f  r e s i d e n c e  one and 
f i v e  y e a r s  ago.  A comparison o f  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  two i n t e r v a l s  
was made by Ledent  and Rees (1980) . 
3.5 Assessment 
It is clear from the above discussion that a comparative 
analysis of regional patterns of mortality, fertility, and 
migration in IIASA's NMO countries is troublesome if not 
impossible. Because of the problems of comparability, we will 
place the major emphasis of our analysis on interregional 
differences within a country, paying only limited attention to 
differentials between countries. 
The regions used in the CMS study are not uniformly defined 
and show considerable variation in size and degree of homogeneity. 
This complicates comparative analysis because the regional disaggre- 
gation scheme affects regional differentials in the components of 
demographic change. For a few countries (Austria, the German 
Democratic Republic, Italy, the Netherlands, the Soviet Union, 
and the United Kingdom) the multiregional analysis was carried 
out at more than one level of disaggregation. The experiments 
illustrate the impact of regional disaggregation schemes on the 
results, some of which will be touched on in this paper. 
Another major problem encountered in the CYS study is associated 
with national differences in migration measurement. The results of 
the demographic analysis are sensitive not only to the data collec- 
tion procedure adopted (registration vs. census), but also to the 
length of the reference period employed for the measurement of 
migration in the census. In Section 6 of this paper, a few impli- 
cations of such differences are discussed. 
4. COMPARATIVE ANALYSIS OF MORTALITY, FERTILITY, AND MIGRATION 
PATTERNS 
A comparative analysis requires answers to at least two 
questions: what  is being compared, and how is the comparison 
carried out. The answer to the first question generally involves 
the selection of summary measures of mortality, fertility, and 
migration. The growth regimes are defined by sets of curves 
of age-specific rates (or probabilities). Levels are relatively 
easy to summarize, and the demographic literature contains 
several indicators of levels of mortality (e.g., life expectancy 
or gross death rate), fertility (e.g., gross reproduction rate) 
and migration (e.g., gross migraproduction rate, the migration 
analog of the gross reproduction rate).* Age profiles may be 
summarized and parametrized by fitting mathematical functions 
to the age-specific schedules of rates. 
The answer to the question of how comparisons are carried 
out involves the selection of measures of disparity. These 
measures describe the distributions of indicators around a 
central value (a mean or median). An example of a simple measure 
is the difference in absolute (or in relative) terms between the 
maximum and the minimum values of an indicator, e.g., the expec- 
tation of life at birth. More complex measures may call for 
global indices of regional differentials, such as used by Termote 
(1 98 2) , for example. 
*All are measures of the area under the curve defined by the 
schedule of age-specific rates. 
4 .1  M o r t a l i t y  
Termote (1982) examines r e g i o n a l  m o r t a l i t y  d i s p a r i t i e s  i n  t h e  
I I A S A  member c o u n t r i e s ,  us ing  t h e  d a t a  base  assembled by t h e  CMS 
s tudy .  This  s e c t i o n  of  t h e  paper draws on h i s  a n a l y s i s  and on t h e  
s e v e r a l  i n d i c e s  of r e g i o n a l  m o r t a l i t y  d i f f e r e n t i a l s  s e t  o u t  i n  
Table  5. The t a b l e  p r e s e n t s  r e g i o n a l  d a t a  f o r  t h e  e x p e c t a t i o n  of 
l i f e  a t  b i r t h ,  t h e  f i r s t  s e t  of which i s  de r ived  from convent iona l  
( s ing le - r eg ion )  l i f e  t a b l e s ,  t h e  second from a  m u l t i r e g i o n a l  l i f e  
t a b l e .  Seve ra l  conc lus ions  may be drawn from t h e s e  d a t a .  
a .  On t h e  whole, r e g i o n a l  d i s p a r i t i e s  i n  l i f e  
expec t anc i e s  a t  b i r t h  seem r e l a t i v e l y  smal l .  
The d e v i a t i o n  between t h e  h i g h e s t  and lowest  
v a l u e s  i s  l a r g e s t  i n  t h e  Sov ie t  Union (5.3 y e a r s ) ,  
fol lowed by France ( 4 . 5 ) ,  and t h e  United 
Kingdom (3.2)  . The s m a l l e s t  d i sc repancy  i s  
observed i n  Japan ( 1  .3  y e a r s )  , Hungary ( 1 . 4 )  , 
and Sweden ( 1 . 5 ) .  
The r e g i o n a l  d i s agg rega t ion  i n f l u e n c e s  t h e  
r e g i o n a l  m o r t a l i t y  d i s p a r i t i e s .  The d i f f e r e n c e  
i n  t h e  S o v i e t  Union may i n  p a r t  be r e l a t e d  t o  
t h e  p e c u l i a r  r e g i o n a l  d i s agg rega t ion  adopted.  
Seven of  t h e  e i g h t  r eg ions  a r e  urbanized a r e a s ;  
reg ion  8  i s  a  combination of a l l  t h e  r u r a l  
a r e a s  i n  t h e  count ry  and has  t h e  lowest  l i f e  
expectancy (68.2 y e a r s )  . 
For a  few c o u n t r i e s ,  t h e  a n a l y s i s  was 
c a r r i e d  o u t  a t  more than one l e v e l  of d i saggre-  
g a t i o n  ( s e e  Termote 1982, p .  2 4 ) .  A gene ra l  con- 
a l u s i o n  of t h e s e  experiments i s  t h a t  t h e  g r e a t e r  t h e  
Table 5 .  Regional  d i f f e r e n t i a l s  i n  t h e  e x p e c t a t i o n  of l i f e  a t  b i r t h  (bo th  sexes  combined). 
Country 
Reference Number o f  
S ing le - reg ion  measure M u l t i r e s i o n a l  measure 
y e a r  r e g i o n s  N a t i o n a l  Lowest Highes t  Lowest Highes t  
1 A u s t r i a  
2 B u l g a r i a  
3 Canada 
4 Czechoslovakia  
5 F e d e r a l  Republ ic  
o f  Germany 
6 F i n l a n d  
7 France 
8 German Democratic 
Republ ic  
9 Hungary 
10 I t a l y  
11 Japan 
12 Nether lands  
1 3  Poland 
14 S o v i e t  Union 
1 5  Sweden 
16 Uni ted Kingdom 
17 Uni ted S t a t e s  
level of geographical detail, the larger the 
mortality difference. This conclusion indicates 
a lack of homogeneity among the larger regions. 
c. The single-region life-expectancy measures 
indicate larger regional mortality disparities 
than the multiregional measures. With the 
exception of the Soviet Union, the range of 
single-region life-expectancies is larger than 
the range of multiregional life expectancies. 
Rees (1979a), who first observed the relationship 
between the life-expectancy measures in the 
United Kingdom, suggested that the multiregional 
measures represent a regression of the single- 
region values to the mean. This phenomenon can 
be attributed to a combination of two factors: 
the interchange of people between regions through 
migration and the assumption that migrants do not 
carry their demographic history with them but 
adopt the demographic regime of growth of their 
new region of residence (the Markovian assumption). 
The regression to the mean differs consider- 
ably between the 17 countries (Rees and Willekens 
1981, p. 87) and is highest in Japan and the Netherlands. 
An increase of one year in the single-region life 
expectancy leads, on the average, to an increase in 
the multiregional life expectancy of 0.29 and 0.30 
years, respectively. The lowest regression to the 
mean is exhibited by the data for Czechoslovakia and 
the Soviet Union. 
The regional disparities exhibited in Table 5  are for the 
total population. A disaggregation by sex suggests that regional 
disparities tend to be slightly higher for males than for females. 
In the Federal Republic of Germany, for instance, the female life 
expectancies lie between 7 3 . 4  and 75.7 years; those for males vary 
between 6 6 . 5  and 6 9 . 4 .  
A s  w e  have s e e n ,  a  comparat ive  a n a l y s i s  o f  l i f e  expectan-  
c i e s  i n d i c a t e s  a  r e l a t i v e l y  low l e v e l  o f  r e g i o n a l  d i s p a r i t y  i n  
most of  t h e  17 IIASA c o u n t r i e s .  But what abou t  t h e  age  s t r u c t u r e  
o f  m o r t a l i t y ?  For t h e  comparat ive  s t u d y  o f  t h e s e  age  p a t t e r n s ,  
w e  c o n s i d e r ed  t h e  a g e - s p e c i f i c  r a t e s  d i r e c t l y  r a t h e r  t h a n  para-  
m e t r i z e  t h e  m o r t a l i t y  s c h e d u l e s ,  because  t h e  d a t a  w e r e  a v a i l a b l e  
o n l y  f o r  f i v e - y ea r  age  g roups .  Our r e s u l t s  show l a r g e  d i s p a r i t i e s  
i n  i n f a n t  m o r t a l i t y  ( h e r e  d e f i n e d  a s  t h e  m o r t a l i t y  r a t e  o f  t h e  
0-4 age group)  and i n  t h e  m o r t a l i t y  r a t e s  o f  young a d u l t s  ( t h o s e  
15-29 y e a r s ) .  I n  7  o u t  of  t h e  17 IIASA c o u n t r i e s ,  t h e  h i g h e s t  
r e g i o n a l  i n f a n t  m o r t a l i t y  r a t e  i s  more t h a n  50% above t h e  l owes t  
r e g i o n a l  r a t e ,  and i n  a l l  o f  t h e  17 c o u n t r i e s  c o n s i d e r e d ,  t h i s  
p e r c e n t ag e  i s  above 20% (Termote 1982, p.  2 7 ) .  The d i s p a r i t i e s  
a r e  even g r e a t e r  when young a d u l t  m o r t a l i t y  i s  cons ide red :  i n  
seven c o u n t r i e s  t h e  h i g h e s t  m o r t a l i t y  r a t e  f o r  young a d u l t s  i s  
more t h an  50% above t h e  l owes t  r a t e ,  and i n  a l l  b u t  one (Uni ted  
Kingdom), t h i s  p e r cen t ag e  exceeds  30% (Termote 1982, p .  3 1 ) .  
I n f a n t  and young a d u l t  m o r t a l i t y ,  t h e r e f o r e ,  accoun t  f o r  most 
o f  t h e  r e g i o n a l  m o r t a l i t y  d i s p a r i t i e s  found i n  t h e  17 c o u n t r i e s .  
4.2 F e r t i l i t y  
Cons iderab le  r e g i o n a l  v a r i a t i o n s  a r e  a l s o  e x h i b i t e d  i n  t h e  
l e v e l s  o f  f e r t i l i t y  w i t h i n  IIASA c o u n t r i e s .  Tab le  6 g i v e s ,  f o r  
each  c ou n t r y ,  t h e  n a t i o n a l  v a l u e  and t h e  lowes t  and h i g h e s t  r e g i o n a l  
g r o s s  r e p r o d u c t i o n  r a t e s  ( G R R ) .  The l a r g e s t  r e g i o n a l  d i s p a r i t i e s ,  
measured a s  t h e  d i f f e r e n c e  between t h e  h i g h e s t  and l owes t  GRR, a r e  
obse rved  i n  t h e  S o v i e t  Union, Canada, and Poland.  A woman i n  t h e  
urban a r e a s  o f  t h e  C e n t r a l  Asian  Republ ics  o f  t h e  S o v i e t  Union 

( h i g h e s t  GRR) may e x p e c t  t o  have more t h a n  t w i c e  t h e  number of  
c h i l d r e n ,  on t h e  a v e r a g e ,  t h a n  a  woman i n  t h e  urban a r e a s  o f  t h e  
B a l t i c  Repub l i c  ( l o w e s t  G R R ) .  I n  Newfoundland, Canada, t h e  GRR i s  
73% h i g h e r  t h a n  i n  Quebec.  The Uni ted  S t a t e s  and t h e  German Demo- 
c r a t i c  Republ ic  e x h i b i t  t h e  s m a l l e s t  d i f f e r e n c e s  i n  r e g i o n a l  f e r t i l -  
i t y  l e v e l s ,  b u t  it must b e  remembered t h a t  i n  t h e  former  c a s e  t h i s  
i s  a  consequence of t h e  h i g h  l e v e l  of  r e g i o n a l  a g g r e g a t i o n .  
4 . 3  Migra t ion  
The compara t ive  a n a l y s i s  of  m i g r a t i o n  i s  c o m p l i c a t e d  by 
d i f f e r e n c e s  i n  r e f e r e n c e  p e r i o d s  and i n  s i z e s  o f  r e g i o n s .  Although 
r e g i o n a l  d i s p a r i t i e s  i n  m o b i l i t y  l e v e l s ,  t o  a  l a r g e  e x t e n t ,  r e f l e c t  
such d i f f e r e n c e s ,  m i g r a t i o n  age p r o f i l e s  a r e  n o t  a s  s e n s i t i v e  t o  
t h e s e  t i m e  and s p a c e  d imens ions .  T h i s  s e c t i o n ,  t h e r e f o r e ,  mainly  
c o n s i d e r s  t h e  age  s t r u c t u r e  o f  m i g r a t i o n .  The d i s c u s s i o n  o f  
m o b i l i t y  l e v e l s  i s  meant t o  b e  i l l u s t r a t i v e  o n l y  and i n d i c a t e s  t h e  
d i f f i c u l t i e s  t h a t  c o m p l i c a t e  compara t ive  m i g r a t i o n  a n a l y s e s  i f  
a p p r o p r i a t e  d a t a  a r e  n o t  a v a i l a b l e .  
A s i m p l e  i n d i c a t o r  of  m o b i l i t y  ( i m m o b i l i t y )  i s  t h e  r e t e n t i o n  
l e v e l ,  t h e  p r o p o r t i o n  o f  a  l i f e t i m e  t h a t  a  p e r s o n  may e x p e c t  t o  
spend i n  t h e  r e g i o n  o f  b i r t h .  Tab le  7  shows t h a t  t h e  l a r g e s t  
r e g i o n a l  d i s p a r i t i e s  i n  r e t e n t i o n  l e v e l s  a r e  obse rved  i n  t h e  
F e d e r a l  Republ ic  o f  Germany (0 .423)  , Canada ( 0 . 4  17)  , and Japan  
( 0 . 3 8 2 ) .  The impact  o f  r e g i o n a l  d i s a g g r e g a t i o n  on t h e  r e t e n t i o n  
l e v e l  i s  i l l u s t r a t e d  by t h e  FRG s t u d y .  I n  t h i s  c o u n t r y  t h e  lowes t  
retention level is for the city region of Bremen, which with a . 
population of 7 2 4  thousand in 1 9 7 4  is the smallest region. The 
high level of outmigration is probably a result of the suburbani- 
zation process,which. overlaps regional boundaries. The highest 
retention level is exhibited by the largest region, North Rhine- 
Westphalia, with a population of 17.2 million. Differences 
in retention levels therefore reflect not only mobility 
differentials but also size differences in the regions between 
which migration takes place. 
Table 7 .  Regional differentials in retention levels (both 
sexes combined) . 
Number of 
Country reg ions  Median Lowest Highest  
1 Aus t r i a  9 0 -819 0.732 0.882 
2 Bulgar ia  
3 Canada 
4 Czechoslovakia 10 
5 Fede ra l  Republic 
of Germany 11 
6 Finland 
7 France 
8 German Democratic 
Republic 5 
9 Hungary 6 
10 I t a l y  
11 Japan 
12 Nether lands 
13 Poland 
14 Sov ie t  Union 8 
15  Sweden 8 
16 United Kingdom 10 
17 United S t a t e s  4 0.560 0.530 0.586 
The problems associated with comparisons of mobility levels 
are eased if we look at the age patterns of migration. Rogers 
and Castro (1981) in a study of over 500 migration schedules of 
IIASA countries found remarkably persistent regularities. 
To carry out a comparative analysis, they parametrized the curves 
of age-specific migration rates using a model migration schedule 
thdt conbined additively four simple curves: a negative exponen- 
tial curve, two double exponential curves, and a constant curve. 
The full model schedule had 1 1  parameters of which seven determined 
the profile of the migration schedule, with the remaining four 
determining its level. Figure 2 shows such a model migration 
schedule. The four components, and their associated pararheters, are: 
. a single negative exponential curve of the pre-labor 
force ages, with its rate of descent a, and level 
coefficient al 
a skewed unimodal curve of the labor force ages, 
positioned at mean age p2 on the age axis and exhib- 
iting rates of ascent A2 and descent a*, with a level 
coefficient a? 
'.. 
. an almost bell-shaped curve of the post-labor force 
ages, positioned at p3 on the age axis and exhibiting 
rates of ascent A3 and descent a3, with a level 
coefficient a 3 
. a constant curve, c 
a, = rare o t  descent of  pre.labor force comporlent x ,  = low polnt 
A, = raro of ascenr of  labor force component x ,  = h ~ g h  peak 
Q, = rate of descent of laoor force component x r  = retirement peak 
A ,  = rate of aicpnt of post l awr  force corny~onent X = labor fo rm shlft 
a, = rate of descent of post ldbor fcrce cornponenr A = parental shift 
c = anstant  6 = lump 
X X l  X h  . 
Age x 
F i g u r e  2 .  The model m i g r a t i o n  s c h e d u l e .  
Source:  Rogers and C a s t r o  (1981, p .  6 ) .  
Table 8  p r e s e n t s ,  by way of i l l u s t r a t i o n ,  r e g i o n a l  
d i f f e r e n t i a l s  o f  t h e  parameters  f o r  males i n  t h e  United Kingdom. 
The s t a t i s t i c s  a r e  based on t h e  59 schedules  wi thout  a  r e t i r e -  
ment peak and show l a r g e  r e g i o n a l  d i s p a r i t i e s .  The mean age 
of t h e  migra t ion  schedule  ranges  from 25 y e a r s  t o  36 y e a r s .  The 
age a t  which t h e  curve peaks ( i t s  high p o i n t  xh) ranges  from 1 7  
yea r s  ( t h e  flow from Eas t  Anglia t o  South E a s t )  t o  28 y e a r s  
( t h e  flow from Scot land  t o  North West) .  The d i s p a r i t y  between 
t h e  mean ages  of  t h e  l a b o r  f o r c e  component ( u 2 )  fo l lows  t h e  
- 
same p a t t e r n .  I n  f a c t ,  t h e  parameters  o f  t h e  model schedule  
a r e  n o t  independent.  Rogers and Cas t ro  (1981, p.  2 1 )  conclude 
t h a t  a  l a r g e  f r a c t i o n  i n  t h e  v a r i a t i o n  shown by t h e  more than  
500 schedules  they  s t u d i e d  a r i s e s  from changes i n  t h e  va lues  
of  f o u r  parameters  and de r ived  v a r i a b l e s :  
P 2  t h e  mean age of t h e  l a b o r  f o r c e  component 
2 t h e  index of c h i l d  dependency, t h e  r a t i o  of 
a l  ( l e v e l  of  pre- labor  f o r c e  component) t o  
a  ( l e v e l  of l a b o r  f o r c e  component) 2 
0 2 t h e  index  of l a b o r  asymmetry, t h e  r a t i o  o f  
A 2  ( r a t e  of a s c e n t  of l a b o r  f o r c e  component) 
t o  a 2  ( r a t e  of descen t  of l a b o r  f o r c e  
component) 
6 1  2 t h e  index of p a r e n t a l  s h i f t ,  t h e  r a t i o  of 
a  ( r a t e  of descen t  of p re - labor  f o r c e  com- 1 
ponent)  t o  a 2  ( r a t e  of descen t  of l a b o r  f o r c e  
component) 
Regional d i s p a r i t i e s  i n  migra t ion  age p a t t e r n s  may be s t u d i e d  
by cons ide r ing  each of t h e  parameters  o r  combinations of them. 
The model schedules  a l s o  may be c l a s s i f i e d  i n t o  f a m i l i e s  on t h e  
b a s i s  of t h e  va lues  of  t h e s e  parameters .  Rogers and Cas t ro  

Notes f o r  Table 8 
u Definitions for the parameters and variables. 
a1 
alpha 1 
a2 
mu2 
alpha2 
lambda2 
a3 
mu3 
alpha3 
lambda3 
C 
mean age 
%(O- 14) 
%(15-64) 
%(65+ ) 
deltalc 
delta1 2 
delta32 
beta12 
sigma2 
sigma3 
x low 
x high 
x ret. 
x shift 
a 
b 
Observed gross migraproduction rate 
Unit gross migraproduction rate 
Goodnessaf-fit index E (mean absolute error as a percentage of the observed 
mean) 
a,, level of pre-labor force component 
a , ,  rate of descent of pre-labor force component 
a,, level of labor force component 
p,, mean age of labor force component 
a, ,  rate of descent of labor force component 
A,, rate of ascent of labor force component 
a,, level of post-labor force component 
p,, mean age of post-labor force component 
a, ,  rate of descent of post-labor force component 
A,, rate of ascent of post-labor force component 
c, constant component 
5, mean age of migration schedule 
Percentage of GMR in 0-14 age interval 
Percentage of GMR in 15-64 age interval 
Percentage of GMR in 65 and over age interval 
= a1lc 
4, = a , Ia ,  
& 3 2  = 
P,, = a , / %  
0 2  = A21a2 
0 3  = A,/a, 
XI, low point 
xh, high point 
x,, retirement peak 
X ,  labor force shift 
A ,  parental shift 
B,  jump 
Source: Rogers and Castro (1981, p. 58). 
set out several families of migration schedules using the four 
measures listed above. Each measure defines two families, dependirlj 
on whether its value is above or below the "average." (The averagc 
values are: p2 = 20, d 1 2  = 1/3, o2 = 4, and B12 = 1.) Approxi- 
mately 30% of the schedules for males in the United Kingdom are 
early peaking (p2 < 19 years); about half of the schedules are 
"normal" (i.e., near the average profile). If we examine the 
index of child dependency, then 27% of the schedules are child- 
dependent (d12 > 0.4) and 10% are labor dependent (d12 < 0.2). 
Close to 7% of the schedules are labor asymmetric (02 > 5) and 
73% are irregular (BI2 < 0.8 or B12 > 1.2). 
5. COMPARATIVE ANALYSIS OF POPULATION STRUCTURE 
Although the IIASA countries show considerable variation 
in national rates of fertility, they nevertheless are all tending 
toward levels of reproduction that are below replacement. By 
the end of the 1970s, not enough children were being born to 
replace their parents in 13 of the 17 countries; in the remaining 
4 countries (Bulgaria, Czechoslovakia, Poland, and the Soviet 
Union) the number of children born was only slightly above 
replacement level. Consequently, in most IIASA national popula- 
tions the elderly (that is, those above 65 years of age) increased 
their share of the total during that decade. Population aging and 
spatial redistribution are two principai dimensions illuminated by 
the CMS study. 
5.1 Popula t ion  Aging 
Table 9  d e s c r i b e s  t h e  age composit ions of t h e  I I A S A  c o u n t r i e s  
du r ing  yea r s  i n  t h e  1970s. The " o l d e s t "  popu la t ions  were France,  
Sweden, and t h e  German-speaking c o u n t r i e s  of Europe ( A u s t r i a ,  
t h e  Federa l  Republic of  Germany, and t h e  German Democratic Repub l i c ) .  
They showed t h e  h i g h e s t  f r a c t i o n s  of popu la t ion  above 65 y e a r s  o f  
age  and t h e  o l d e s t  mean ages .  Close behind t h e s e  f i v e  c o u n t r i e s  
were Hungary and t h e  United Kingdom. The "youngest" c o u n t r i e s  on 
t h e s e  i n d i c e s  were Canada and Japan; however, by 1980, sha rp  d e c l i n e s  
i n  f e r t i l i t y  produced a  s u b s t a n t i a l  "graying" of t h e s e  popula t ions  
a s  w e l l .  
Table 10 i n d i c a t e s  some of t h e  r e g i o n a l  d i f f e r e n c e s  i n  age 
composit ions w i t h i n  IIASA c o u n t r i e s .  Shown t h e r e  a r e  t h e  lowest  
and h i g h e s t  percen tages  under 15 and over  64. The r eg ion  wi th  t h e  
h i g h e s t  p ropor t ion  of  t h e  aged ( i . e . ,  of t h o s e  65 and o v e r )  was 
Vienna, A u s t r i a ,  w i th  one o u t  of every f i v e  r e s i d e n t s  being i n  t h a t  
age group. The r eg ion  wi th  t h e  lowest  p ropor t ion  was t h e  Hanto 
r eg ion  i n  Japan,  w i th  approximately only  5.8 pe rcen t  o f  i t s  popu- 
l a t i o n  be ing  aged 65 and over .  A comparison of Tables 9  and 1 0  
i n d i c a t e s  t n a t  d i f f e r e n c e s  i n  age composit ions w i t h i n  c o u n t r i e s  
a r e  g r e a t e r  t han  those  b e t w e e n  c o u n t r i e s .  
Although t h e  p roces s  of aging i s  becoming an impor tan t  i s s u e  
i n  a l l  of  t h e  I I A S A  member c o u n t r i e s ,  it w i l l  a f f e c t  some c o u n t r i e s  
more than  o t h e r s .  Under c u r r e n t  regimes of f e r t i l i t y  and m o r t a l i t y ,  
t h e  p ropor t ion  of t h e  aged w i l l  d e c l i n e ,  f o r  example, i n  Aus t r i a  
(from 1 4 . 2 %  of t h e  n a t i o n a l  popula t ion  i n  1971 t o  11.9% by t h e  
y e a r  2000) ,  b u t  it w i l l  i n c r e a s e  r a p i d l y  i n  Japan (from 7.1% i n  
Table  9 ,  P o p u l a t i o n  s t r u c t u r e  i n  IIASA c o u n t r i e s  i n  t h e  r e f e r e n c e  y e a r .  
Country 
(Reference Year) 
- 
E l d e r l y  
Popula t ion  Dependency 
( m i l l i o n s )  Mean Age % (0-14) % (15-64) % (65+) Ra t io*  % (75+) 
1 A u s t r i a  (1971) 
2 B u lga r i a  (1975) 
3 Canada (1971) 
4 Czechoslovakia  (1975) 
5 F e d e r a l  Republ ic  
o f  Germany (1974) 
6 F i n l and  (1974) 
7 France (1975) 
8 German Democratic 
Republic (1975) 
9 Hungary (1974) 
10 I t a l y  (1978) 
11 Japan (1970) 
12 Nether lands  (1974) 
1 3  Poland (1977) 
14 S o v i e t  Union (1974) 
1 5  Sweden (1974) 
16 Uni ted Kingdom (1970) 
17 Uni ted S t a t e s  (1970) 
* 
E l d e r l y  Dependency R a t i o  = % (65+) 
% (15-64) 
Table 10.  Regional differentials in age composition in the reference year. 
Country  
(Refe rence  Year and 
Number o f  Regions)  
P e r c e n t  o f  t h e  p o p u l a t i o n  aged 0-14 P e r c e n t  o f  t h e  p o p u l a t i o n  aged 65+ 
N a t i o n a l  Lowest H i g h e s t  - H-L N a t i o n a l  Lowest H i g h e s t  H-L  
( N  (L) ( H I  N ( N )  (L) (HI  N 
1 A u s t r i a  (1971:9) 
2 B u l g a r i a  (1975:7) 
3 Canada (1971:lO) 
4 ~ z e c h o s l o v a k i a  (1975 : 1 0 )  
5 F e d e r a l  Repub l i c  
o f  Germany (1974 : 11) 
6 F i n l a n d  (1974:12) 
7 F r a n c e  (1975:8) 
8 German Democratic 
Repub l i c  (1975 : 5) 
9 Hungary (1974:6) 
1 0  I t a l y  (1978: 5 )  
11 J a p a n  (1970:8) 
1 2  N e t h e r l a n d s  (1974: 5)  
1 3  Poland (1977:13) 
14 S o v i e t  Union (1974:8) 
1 5  Sweden (1974 :8)  
1 6  U n i t e d  Kingdom (1970 : 1 0 )  
1 7  Uni t ed  S t a t e s  (1970:4) 
1970 t o . 1 2 . 5 %  by 2 0 0 0 )  and t h e  Federa l  Republic of Germany (from 
14.3% i n  1974 t o  15.3% i n  2 0 0 0 ) .  
Given c u r r e n t  migra t ion  p a t t e r n s ,  some r eg ions  w i l l  exper ience  
a  cons ide rab le  ag ing  of t h e i r  popu la t ions ,  which w i l l  r e q u i r e  
a d a p t a t i o n  on t h e  p a r t  of t h e  l o c a l  economies, p a r t i c u l a r l y  t h e  
s e r v i c e  s e c t o r s .  I n  t h e  Kanto r eg ion  of Japan,  f o r  example, t h e  
number of  aged persons  w i l l  i n c r e a s e  by 280% between 1970 and 2 0 0 0 .  
Because of  t h e  high o v e r a l l  growth r a t e  of t h e  r e g i o n ,  however, 
t h e  s h a r e  of t h e  e l d e r l y  w i l l  cont inue  t o  be lower i n  Kanto than  
i n  t h e  r e s t  of Japan.  Other r eg ions  exper ienc ing  a  high i n c r e a s e  
i n  t h e  number of aged persons  by t h e  yea r  2 0 0 0  a r e  B r i t i s h  Columbia 
( 2 2 0 % )  i n  Canada, t h e  Caucasian Republics ( 2 1 0 % )  i n  t h e  Sov ie t  
Union, and S o f i a  ( 2 0 0 % )  i n  Bulgar ia .  A few r e g i o n s ,  mainly t hose  
cen te red  on l a r g e  c i t i e s ,  may expec t  a  s u b s t a n t i a l  d e c l i n e  i n  t h e  
number of  t h e i r  aged. The l a r g e s t  d e c l i n e  w i l l  probably occur  i n  
t h e  P a r i s  r eg ion  between 1975 and 2 0 0 0 ;  t h e  number of people 65 
and over  i s  expected t o  decrease  by 64% from 1.198 m i l l i o n  t o  
0.427 m i l l i o n ,  and t h e  p ropor t ion  of t h e  aged w i l l  drop from 1 2 %  
t o  5 % .  I n  West B e r l i n ,  t h e  popula t ion  i n  t h i s  age group w i l l  
dec rease  by 55% and i n  Vienna by 35%. I n  1971, one o u t  of every 
f i v e  persons  i n  Vienna was o l d e r  than  65; by t h e  yea r  2 0 0 0 ,  it 
w i l l  be one o u t  of every  seven (under t h e  1971 regimes of  f e r t i l -  
i t y ,  m o r t a l i t y ,  and mig ra t ion )  . 
Ext rapo la t ion  of c u r r e n t  t r e n d s  i d e n t i f i e s  impor tan t  d i f f e r -  
ences  i n  t h e  gray ing  of IIASA's n a t i o n a l  popula t ions ;  it a l s o  
r e v e a l s  impor tan t  r e g i o n a l  d i f f e r e n c e s  w i t h i n  c o u n t r i e s .  I n  a  
number of c o u n t r i e s ,  one can a l r eady  i d e n t i f y  s p a t i a l  concentra-  
t i o n s  of t h e  aged: B r i t i s h  Columbia i n  Canada, t h e  Mediterranean 
Region in France, and the Hokkaido Region in Japan. The analysis 
also shows that some regions with relatively old populations today 
are likely to exhibit younger age structures in the future, for 
example, Paris, Vienna, and West Berlin. 
5.2 Population Redistribution 
A number of IIASA member countries and regions within such 
countries may expect substantial changes in the age structures of 
their populations. Another demographic process that in some coun- 
tries takes on an important dimension is the territorial redis- 
tribution of the national population. One of the most significant 
redistributions will probably occur in Japan. Whereas in 1970 
the size of the largest region (Kanto) was 7.6 tines the size of 
the smallest one (Shikoku); the ratio is expected to be 17.5 by 
the year 2000, and a further projection to stability shows it 
growing to 32.4. Table 1 1  sets out the long-run implications 
of current regimes of fertility, mortality, and migration for 
selected regions in IIASA countries. 
Regions with declining population shares are Quebec, Vienna, 
Northern France, and the Kyushu Region in Japan. Areas with 
large gains in their shares of the total population are British 
Columbia, Berlin (GDR), the Kanto Region of Japan, and the Central 
Asian Republics of the Soviet Union. It is a striking observation 
that, were the current regimes of the components of demographic 
growth to continue, almost half of the Japanese population 
eventually would live in the Kanto Region. The substantial 
changes expected in the population structure in Japan, both in 
age composition and in regional distribution, have led the 
Table 1 1 .  Changes in shares of total population for selected 
regions in the IIASA member countries (percent). 
Regional share of national total 
Coun try/Region Reference year Year 2000 At stability 
Austriaflienna 21.7 17.8 7.4 
Canada/British 
Columbia 
Soviet Union/Rural 40.4 
Areas 
Soviet ~nion/Central 3.5 
Asia 
United States/West 17.1 
government of Japan to initiate a study on population aging and 
on regional differences in aging populations. The analytical 
tools of multiregional demography, developed at IIASA, were used 
in this analysis (Kawashima et al. 1981). 
6 .  METHODOLOGICAL RESEARCH STIMULATED BY THE CMS STUDY 
The m e t h o d o l o g i c a l  work o f  t h e  CMS s t u d y  d i d  n o t  s t o p  w i t h  
t h e  f o r m a l i z a t i o n  o f  t h e  a n a l y t i c a l  framework f o r  s p a t i a l  a n a l y s i s  
adop ted  i n  t h e  beginning. .& t h e  s t u d y  (Roqers,  1976a,  b ) .  A s  
t h a t  framework was a p p l i e d  t o  t h e  v a r i o u s  IIASA member 
c o u n t r i e s ,  a d d i t i o n a l  t h e o r e t i c a l  and e m p i r i c a l  r e s e a r c h  was 
c a r r i e d  o u t  t o  a s s e s s  t h e  v a l i d i t y  and c o m p a r a b i l i t y  o f  t h e  
v a r i o u s  n a t i o n a l  r e s u l t s .  Much o f  t h i s  r e s e a c h  n a t u r a l l y  was 
l i m i t e d  t o  t h e  common e lement  o f  each  c a s e  s t u d y :  t h e  
m u l t i r e g i o n a l  l i f e  t a b l e .  I n v e s t i g a t i o n s  w e r e  conducted  t o  
e v a l u a t e  
a .  t h e  accuracy o f  t h e  p rocedure  used t o  implement t h e  
s i m p l e  Markov c h a i n  model, which u n d e r l i e s  t h e  m u l t i -  
r e g i o n a l  l i f e  t a b l e  
b. t h e  reliability o f  t h i s  model 
6 . 1  E s t i m a t i o n  o f  S u r v i v a l  P r o b a b i l i t i e s  i n  t h e  CMS Study 
The key e lement  i n  t h e  c o n s t r u c t i o n  of  a  m u l t i r e g i o n a l  
l i f e  t a b l e  i s  t h e  e s t i m a t i o n  o f  t h e  a g e - s p e c i f i c  p r o b a b i l i t y  
m a t r i c e s  p  from which a l l  m u l t i r e g i o n a l  l i f e  t a b l e  f u n c t i o n s  
- X  
o r i g i n a t e .  A s  n o t e d  i n  s e c t i o n  3 . 4 ,  m i g r a t i o n  d a t a  may be 
c o l l e c t e d  by c o u n t i n g  e i t h e r  movements ( m i g r a t i o n s )  o r  t r a n s i -  
t i o n s  ( m i g r a n t s ) .  P o p u l a t i o n  r e g i s t e r s  r e c o r d  a l l  changes  o f  
a d d r e s s  and t h e r e f o r e  r e p r e s e n t  t h e  number o f  m i g r a t i o n s  obse rved  
d u r i n g  a  g i v e n  p e r i o d ,  between each o r i g i n  and d e s t i n a t i o n .  
P o p u l a t i o n  c e n s u s e s ,  on t h e  o t h e r  hand,  c o u n t  t h e  number o f  
m i g r a n t s  who r e s i d e d  i n  a  g i v e n  r e g i o n  a t  an  e a r l i e r  f i x e d  d a t e  
and i n  a n o t h e r  r e g i o n  a t  t h e  t i m e  o f  t h e  c e n s u s .  S i n c e  d a t a  on 
different geographical mobility flows are collected in these two 
ways, it is reasonable to expect that two distinct approaches 
to survival probability estimation would arise (Ledent 1980). 
However, the earliest estimation methods (Rogers 1973, 1975) 
developed approximate estimators that were consistent with both 
the movement and the transition perspectives by adopting the 
simplifying assumption that no multiple movements could take 
place within a unit age/time interval. These approximate esti- 
mators were called "Option 1 "  estimators (Rogers 1975). 
From an applied viewpoint, the problem was seen as one of 
appropriately measuring observed mobility rates. First, in the 
case of mobility data coming from a population register 
i j (movement perspective), each age-specific mobility rate M 
X 
could be readily estimated as the ratio of the observed number 
of movements (migrations) ~ k j  made from region i to region j 
over a given period (t, t + T )  by persons aged x to x + n (at 
"i the time of the movement) to the number of person-years Kx lived 
in region i during that period by people aged x to x + n. Hence, 
taking the latter number as T times the arithmetic average of the 
i j beginning- and end-of-period populations aged x to x + n, ?I, 
could be derived from 
Alternatively, in the case of mobility data coming from 
a population census (transition perspective), Rogers (1975, pp. 87- 
88) suggested that the number of transitions (migrants) 0;' from 
region i to region j observed over the period (t, t + T) be simply 
substituted for the corresponding number of movements ~ k j ,  which 
led to the following observed rate 
Because of the assumption that only a single movement 
could occur per unit age/time interval, the application of 
"Option 1 "  estimators to mobility data for either movement 
or transition counts was perceived to be inadequate. 
Fortunately, in the case of the movement perspective, this 
restrictive assumption could be relaxed (Schoen 1975), and 
improved estimators, called "Option 3" estimators (Willekens 
and Rogers 1978), could be obtained. The survival probability 
. . 
becomes the j,i-th element of the matrix p ( ~ o ~ e k s  and Ledent 
-X 
1976) : 
where I is an identity matrix,and % is an age-specific matrix of 
... ... 
annual mortality and mobility rates. 
By contrast, in the case of the transition perspective, 
no useful alternative to the "Option 1" estimators were available. 
An attempt made by Rogers (1975, p. 85-88) led to estimators, 
known as "Option 2" estimators, which generally produced unstable 
results. Thus Willekens and Rogers (1978) suggested the substitu- 
tion of "Option 3" for the "Option 1" estimators. The former 
seemed to yield more acceptable death probabilities than the 
latter, while producing very similar migration probabilities 
(Ledent and Rees 1980, pp. 53-57). 
In other words, our initial investigations led us to conclude 
that, regardless of whether the mobility information available 
was in the count of movements or of transitions, the calculation 
of a multiregional life table could be performed by application 
of equation (3). It would be necessary, however, to measure 
the mobility rates appropriately, either by using equation (I), 
in the case of data counting movements,or by using equation (2), 
in the case of data counting transitions. 
As shown in Table 4, registration-based movement data for 
the CMS study were available in 1 1  out of the 17 countries 
(that is, all of the European member nations of IIASA except 
Austria, France, and the United Kingdom) and census-based transi- 
tion data were obtained in the other 6 (that is, the 3 countries 
just cited plus Canada, the United States, and Japan). The 
"Option 3" estiiilator~ were applied to aii national case studiee, 
except France. The French case study (Ledent with Courgeau 1982) 
and additional analyses of the UK case study by Ledent and Rees 
(1980) incorporated some of the developments reported in this 
section. 
W e  now s h i f t  t h e  f o c u s  of o u r  d i s c u s s i o n  t o  t h e  t r a n s i t i o n  
p e r s p e c t i v e ,  f o r  which o n l y  approximate  e s t i m a t o r s ,  "Option 1 "  
and "Option 3 " ,  were found t o  be  a p p l i c a b l e .  F i t t i n g  t h e  l a t t e r  
e s t i m a t o r s  t o  t h e  s i x  IIASA c o u n t r i e s  w i t h  census-based m o b i l i t y  
d a t a  r e v e a l e d  a  c e r t a i n  ambigu i ty  i n  t h e  measurement of  t h e  
obse rved  m o b i l i t y  r a t e s  t o  be  i n c o r p o r a t e d  i n  e q u a t i o n  ( 3 ) .  The 
d e f i n i t i o n  of such  r a t e s  i n  e q u a t i o n  ( 2 )  does  n o t  i n d i c a t e  whether  
t h e  aye  s u b s c r i p t  a t t a c h e d  t a  t h e  numerator  r e f e r s  t o  t h e  begin-  
n i n g  o f  t h e  p e r i o d ,  t h e  end of  t h e  p e r i o d ,  o r  even t h e  mid-period.  
Consequent ly ,  t h e  obse rved  r a t e s  were n o t  measured un i fo rmly ;  t h u s  
t h e  numerator  o f  e q u a t i o n  ( 2 )  was measured w i t h  t h e  age  s u b s c r i p t  
r e f e r r i n g  t o  t h e  end of  t h e  p e r i o d  i n  t h e  Canadian c a s e  and t o  
t h e  b e g i n n i n g  o f  t h e  p e r i o d  i n  t h e  US c a s e .  
U n f o r t u n a t e l y ,  n e i t h e r  c h o i c e  was c o r r e c t  because  t h e  
t r a n s i t i o n  p e r s p e c t i v e ,  u n l i k e  t h e  movement p e r s p e c t i v e ,  does  
n o t  a l l o w  an e q u i v a l e n c e  of  t h e  age / t ime  s p a c e  i n  which t h e  
d a t a  a r e  g a t h e r e d  w i t h  t h a t  used i n  t h e  model (Ledent  and R e e s  
1980, pp. 45-47).  Thus a  p o s s i b l e  p r o c e d u r e ,  f o l l o w i n g  Rees 
i j  ( 1 9 7 9 a ) ,  i s  t o  e s t i m a t e  t h e  number of m i g r a n t s  Ox from d a t a  
on a d j a c e n t  g roups ,  a s  f o l l o w s  
iJ is  t h e  number of m i g r a n t s  from r e g i o n  i t o  r e g i o n  j  where Kx 
1 .  
r e l a t i n g  t o  p e o p l e  aged x  t o  x  + n a t  t h e  beg inn ing  of  t h e  
o b s e r v a t i o n  p e r i o d . *  
*This  r e v i s i o n  o f  t h e  measurement of t h e  m o b i l i t y  r a t e s  was 
a c t u a l l y  implemented i n  t h e  UK c a s e  s t u d y  (Rees 1979a, b ) .  
Beyond t h e  measurement of  t h e  m o b i l i t y  r a t e s ,  a  more 
impor tan t  e l e m e n t  of t h e  t r a n s i t i o n  p e r s p e c t i v e  r e q u i r i n g  improve-' 
ment l a y  i n  t h e  fundamental  e s t i m a t i o n  e q u a t i o n  which, a s  used i n  
t h e  CMS s t u d y ,  con t inued  t o  be based on t h e  assumpt ion of  no 
m u l t i p l e  movements. I n  a t t emp t ing  t o  r e l a x  t h i s  r e s t r i c t i v e  
assumpt ion,  w e  exp lo red  two a l t e r n a t i v e  approaches ,  h e r e a f t e r  
denoted a s  approaches  A and B. 
F i r s t  w e  i n v e s t i g a t e d  whether t h e  occur rence  of  m u l t i p l e  
movements cou ld  be  b u i l t  i n t o  t h e  "Option 1" framework (Ledent  
1981b).  The removal o f  t h e  no-multiple-movement assumption a l l ows  
d e a t h s ,  o c c u r r i n g  b e f o r e  age x  + n  t o  t h e  c l o s e d  group of people  
p r e s e n t  a t  age x i n  r e g i o n  i ,  t o  t a k e  p l a c e  n o t  on ly  i n  r e g i o n  
i b u t  a l s o  i n  t h e  o t h e r  r e g i o n s .  New e s t i m a t e s ,  which d i d  n o t  
d i f f e r  s i g n i f i c a n t l y  from t h o s e  of  t h e  "Option 1"  and "Option 3 "  
methods, w e r e  t hen  d e r i v e d  by d i s a g g r e g a t i n g  t h e  t o t a l  number o f  
cor responding  d e a t h s  accord ing  t o  t h e  r eg ion  of occu r r ence  and 
i n t r o d u c i n g  a d d i t i o n a l  account ing  e q u a t i o n s .  These e q u a t i o n s  
r e f l e c t  t h e  hypo thes i s  t h a t  when an i n d i v i d u a l  moves i n t o  ano the r  
r eg ion  he o r  she  becomes immediately s u b j e c t  t o  t h e  r i s k  of  dying 
i n  t h a t  r eg ion .  
Th is  f i r s t  approach ( A )  t o  r e l a x i n g  Rogers ' s  no-mul t ip le-  
movement assumption was l a r g e l y  i n f l uenced  by t h e  c l a s s i c a l  
e s t i m a t i o n  o f  s u r v i v a l  p r o b a b i l i t i e s  i n  an  o r d i n a r y  l i f e  t a b l e ;  
t h a t  i s ,  it was based on t h e  assumption o f  equa l  l i f e  t a b l e  and 
observed m o b i l i t y  r a t e s .  By c o n t r a s t ,  t h e  second  approach ( B )  
t h a t  was i n v e s t i g a t e d  drew on a  t echn ique  sometimes used by 
demographers t o  c a l c u l a t e  an  o r d i n a r y  l i f e  t a b l e ,  from census  
i n fo rma t ion ,  f o r  c o u n t r i e s  i n  which t h e  a p p r o p r i a t e  m o r t a l i t y  
d a t a  a r e  l ack ing .  This  approach makes use of t h e  concept  of 
survivorship proportions and e s t i m a t e s  t h e  t r a n s i t i o n  p r o b a b i l i t y  
ma t r i ce s  px on t h e  assumption of equa l  l i f e  t a b l e  and observed 
s u r v i v o r s h i p  p ropor t ion  ma t r i ce s .  
The i n i t i a l  development of t h i s  second approach was due t o  
Rogers who devised  t h e  "Option 2" method, which was a p p l i c a b l e  
t o  t r a n s i t i o n  d a t a  over  a  f i x e d  pe r iod  of t ime.  S p e c i f i c a l l y ,  
t h i s  method de r ived  t h e  t r a n s i t i o n  p r b b a b i l i t y  ma t r i ce s  px from 
t h e  known va lues  of t h e  su rv ivo r sh ip  p ropor t ions  S  on t h e  b a s i s  
- X  
of an  equa t ion  t h a t  fo l lows  from a  J i n e a r  e s t i m a t i o n  of t h e  
va r ious  numbers of person-years l i v e d  i n  t h e  s t a t i o n a r y  popula- 
t i o n  (Rogers 1975, p .  8 5 ) .  
"Option 2" ,  however, l e d  t o  u n s a t i s f a c t o r y  r e s u l t s  i n  t h a t  
t h e  t r a n s i t i o n  p r o b a b i l i t y  e s t i m a t e s  t h a t  were ob ta ined  d i d  n o t  
always l i e  between 0 and 1 .  The problem was t r a c e d  t o  t h e  inap- 
p r o p r i a t e n e s s  of t h e  under lying Markov cha in  model, whose impacts 
were ampl i f ied  by t h e  adopt ion  of t h e  l i n e a r  i n t e g r a t i o n  hypothes i s  
(Ledent and Rees 1980, p. 1 0 6 ) .  
The l o g i c  behind t h e  "Option 2" method, however, i s  sound 
and i t  appears  t h a t  more reasonable  r e s u l t s  may be ob ta ined  by 
t h e  s u b s t i t u t i o n  of a  somewhat d i f f e r e n t  equa t ion  t o  l i n k  t r a n s i -  
t i o n  p r o b a b i l i t i e s  w i th  s u r v i v o r s h i p  p ropor t ions .  For example, 
Rees and Wilson (1977) proposed t h e  d e r i v a t i o n  of E~ by i n t e r -  
p o l a t i n g  l i n e a r l y  between t h e  s u r v i v o r s h i p  p ropor t ions  a s s o c i a t e d  
wi th  t h e  two age groups l o c a t e d  immediately be fo re  and a f t e r  age 
x. Recent ly ,  va r ious  ex t ens ions  of t h i s  method, based on a  cubic  
s p l i n e  i n t e r p o l a t i o n  r a t h e r  than  a  l i n e a r  i n t e r p o l a t i o n ,  were 
suggested by Ledent (1980, 1981b) and Ledent and Rees (1980) .  
6.2 Heterogeneity and the Markov Chain Model 
The above discussion has been devoted to an essentially 
empirical issue: the development of adequate methods for imple- 
menting the mathematical model underlying the multiregional life 
table concept. Taking this model as given, we have attempted to 
devise appropriate probability estimation methods. Now we turn 
to an examination of the mathematical model itself. 
The simple Markov chain model on which the multiregional 
life table is based relies on two stringent assumptions: the 
population homogeneity assumption and the Markovian assumption. 
Evidence scattered throughout the literature, however, suggests 
that these two assumptions are far from being realistic. This 
casts doubts on the reliability of the statistics provided by 
a multiregional life table, even the most appropriately estimated 
one. 
According to the assumption of population homogeneity, all 
individuals constituting the radix, or initial cohort, of a multi- 
regional life table have identical demographic characteristics so 
that the same patterns of mortality and mobility apply to all. 
In the real world, however, mortality and especially mobility 
patterns generally vary from one homogeneous subgroup to another. 
Under these conditions it may be advisable to construct separate 
multiregional life tables for the mutually exclusive subgroups. 
Ledent (1981a), for example, showed that the calculation of 
multiregional life tables based on interregional mobility data 
cross-classified by place of birth produces significantly different 
results than those obtained without such a cross-classification. 
H e  c a l c u l a t e d  f o u r  m u l t i r e g i o n a l  l i f e  t a b l e s  f o r  d a t a  on t h e  f o u r  
US census  r e g i o n s  obse rved  d u r i n g  t h e  p e r i o d  1965-1970, one  f o r  each  
r e g i o n a l  s h a r e  o f  t h e  i n i t i a l  c o h o r t .  S i n c e  t h e  a v a i l a b l e  m o b i l i t y  
d a t a  w e r e  i n  t h e  form o f  c o u n t s  of  m i g r a n t s ,  he  used  t h e  t r a n s i t i o n -  
based  approach B .  
The n u m e r i c a l  r e s u l t s  o b t a i n e d  by Ledent  conf i rmed t h e  
g e n e r a l  o b s e r v a t i o n  t h a t  t h e  p r o b a b i l i t y  o f  moving from r e g i o n  i 
t o  r e g i o n  j is  s m a l l e r  f o r  t h o s e  born i n  r e g i o n  i and much h i g h e r  
f o r  t h o s e  born  i n  r e g i o n  j t h a n  f o r  t h o s e  born  n e i t h e r  i n  r e g i o n  i 
n c r  i n  r e g i o n  j. 
T o t a l  y e a r s  o f  e x p e c t e d  l i f e - - d i s a g g r e g a t e d  i n t o  p e r i o d s  
s p e c i f i c  t o  t h e  r e g i o n s  i n  which t h e y  a r e  t o  be  spent--were found 
t o  be s u b s t a n t i a l l y  d i f f e r e n t  from t h e  c o r r e s p o n d i n g  f i g u r e s  
o b t a i n e d  i n  s i m p l e  m u l t i r e g i o n a l  l i f e  t a b l e  c a l c u l a t i o n s  u s i n g  
t h e  same d a t a  b u t  a g g r e g a t e d  o v e r  a l l  r e g i o n s  of  b i r t h .  According 
t o  L e d e n t ' s  c a l c u l a t i o n s  o f  t h e  US, s w i t c h i n g  from p l a c e - o f - b i r t h -  
independen t  t o  p lace -o f -b i r th -dependen t  m o b i l i t y  d a t a  c u t s  t h e  
p r o p o r t i o n  of  l i f e t i m e  t o  be s p e n t  o u t s i d e  t h e  r e g i o n  o f  b i r t h  
by abou t  h a l f ,  e x c e p t  i n  t h e  c a s e  o f  western-born  women f o r  whom 
t h e  c u t  amounts t o  s l i g h t l y  more t h a n  70%.  
The second i m p o r t a n t  assumpt ion  i m p l i c i t  i n  a  Markov c h a i n  
model i s  t h e  s o - c a l l e d  klarkovian p r o p e r t y ,  which h o l d s  t h a t  
t h e  p r o b a b i l i t y  o f  a n  i n d i v i d u a l  changing s t a t e s  i s  independen t  
of  h i s  o r  h e r  p a s t  m o b i l i t y  h i s t o r y .  Obvious ly  t h i s  assumpt ion  
does  n o t  a d e q u a t e l y  r e f l e c t  r e a l i t y ,  e s p e c i a l l y  i n  t h e  c a s e  o f  
g e o g r a p h i c a l  m o b i l i t y .  I n d i v i d u a l s  who have j u s t  moved a r e  p rone  
t o  move a g a i n ,  e i t h e r  t o  a  t h i r d  r e g i o n  o r  back t o  t h e i r  r e g i o n  
of  o r i g i n .  They t e n d ,  i n  consequence,  t o  c o n s t i t u t e  a poo l  o f  
" c h r o n i c "  movers (Morr ison 1971 ) .  
The Markovian assumpt ion ha s  impor t an t  consequences  f o r  
t h e  s t a t i s t i c s  o f  a m u l t i r e g i o n a l  l i f e  t a b l e ,  consequences  t h a t  
a r e  l i k e l y  t o  o ccu r  between,  a s  w e l l  a s  w i t h i n ,  t h e  v a r i o u s  age  
i n t e r v a l s  co n s i d e r ed .  Regarding t h e  impac t s  b e t w e e n  t h e  age  
i n t e r v a l s ,  w e  n o t e  t h a t  t h e  Markovi.an assumpt ion i s  used t o  
proceed from one age  i n t e r v a l  t o  t h e  n e x t .  T h e r e f o r e ,  every-  
t h i n g  else  b e i n g  e q u a l ,  t h e  deg ree  of e r r o r  i n c r e a s e s  w i t h  t h e  
number o f  age  i n t e r v a l s .  To p u t  it i n  approximate  b u t  more 
r e v e a l i n g  terms, t h e  model based on s i n g l e - y e a r  g roups  ( g e n e r a l l y  
85 such ag e  groups  p l u s  one open-ended group 85 and o v e r )  u s e s  
t h e  Markov assumpt ion 86 t i m e s ,  whereas t h e  model based on f i v e -  
y e a r  a g e  groups ( g e n e r a l l y  17 such age  groups  p l u s  one open-ended 
group o f  85 and o v e r )  u s e s  it on ly  18 t i m e s .  Thus t h e  wider  t h e  
age  i n t e r v a l ,  t h e  s m a l l e r  t h e  number o f  i n t e r v a l s  and t h e  s m a l l e r  
t h e  impact  o f  t h e  Markovian assumpt ion.  
T h i s  co n c l u s i o n ,  however, i s  v a l i d  on ly  t o  t h e  e x t e n t  t h a t  
e v e r y t h i n g  else  i s  indeed  equa l - - t ha t  i s ,  t h e  a g e - s p e c i f i c  
t r a n s i t i o n  p r o b a b i l i t i e s  i n  t h e  models w i t h  bo th  one-year  and 
f i v e - y e a r  ag e  g roups  a r e  known e x a c t l y .  S i n c e  t h i s  i s  n o t  t h e  
c a s e ,  w e  a r e  b rought  n a t u r a l l y  t o  t h e  second impact  of  t h e  
Markovian assumpt ion,  t h e  one  w i t h i n  age  groups .  
I n  t h i s  c a s e ,  w e  must d i s t i n g u i s h  between t h e  movement and 
t r a n s i t i o n  p e r s p e c t i v e s ,  which appear  t o  be a f f e c t e d  d i f f e r e n t l y .  
I n  t h e  movement p e r s p e c t i v e  t h e  e s t i m a t i o n  e q u a t i o n s  r e f l e c t  a 
m o b i l i t y  p r o c e s s  t h a t  i s  c l o s e  t o  be ing  Markovian, th roughout  
each age i n t e r v a l ,  t hus  g i v i n g  r i s e  t o  l i t t l e  r e t u r n  o r  cha in  
migra t ion .  We b e l i e v e  t h a t  t h e  e s t i m a t o r s  of t h e  movement per -  
s p e c t i v e ,  t h e r e f o r e ,  f a i l  t o  account adequa te ly  f o r  r e t u r n  
migra t ion .  I n  o t h e r  words, t h e  Markovian assumption t ends  t o  
i n f l a t e  migra t ion  p r o b a b i l i t i e s  and t o  d e f l a t e  r e t e n t i o n  prob- 
a b i l i t i e s ,  a  phenomenon t h a t  a c t u a l l y  i s  wel l  s u b s t a n t i a t e d  i n  
t h e  l i t e r a t u r e  on s o c i a l  mob i l i t y  ( s e e  f o r  example S inger  and 
Spilerman 1978) .  Moreover, s i n c e  t h e  importance of  r e t u r n  
migra t ion  and t h e  b i a s  in t roduced  therefrom t end  t o  i n c r e a s e  
wi th  t h e  l e n g t h  of  t h e  obse rva t ion  p e r i o d ,  t h e  s m a l l e r  t h e  age 
i n t e r v a l ,  t h e  more a c c u r a t e  t h e  t r a n s i t i o n  p r o b a b i l i t y  e s t i m a t e s .  
I n  c o n t r a s t  t o  t h e  movement p e r s p e c t i v e ,  t h e  t r a n s i t i o n  
p e r s p e c t i v e  ( i f  c o r r e c t l y  implemented) adequa te ly  accounts  f o r  
r e t u r n  and cha in  migra t ion ;  t h i s  i s  e s p e c i a l l y  t h e  ca se  i n  
approach B. Moreover, such a  s ta tement  a p p l i e s  r e g a r d l e s s  of 
t h e  cho ice  of t h e  age  i n t e r v a l  width n ,prov ided  t h a t  it i s  equa l  
t o  t h e  l e n g t h  of t h e  obse rva t ion  per iod  T. 
The consequences of v i o l a t i n g  t h e  e q u a l i t y  between age 
i n t e r v a l  and obse rva t ion  pe r iod  l eng th  have been w e l l  i l l u s t r a t e d  
by Rees, who ana lyzes  a  th ree- reg ion  system of t h e  United Kingdom 
and a  popu la t ion  d i sagg rega t ed  i n t o  f ive-year  and one-year age 
groups.  The migra t ion  ( r e t e n t i o n )  p r o b a b i l i t i e s  ob t a ined  us ing  
one-year mob i l i t y  d a t a  (Rees 1979a) a r e  s u b s t a n t i a l l y  h igher  
than  t h o s e  ob ta ined  us ing  f ive -yea r  mob i l i t y  d a t a  (Rees 1979b) .  
I n  o t h e r  words, t a k i n g  n  > T r a t h e r  than  n  = T l e a d s  t o  t r a n s i -  
t i o n  p r o b a b i l i t i e s  t h a t  s u f f e r  from t h e  same d e f e c t  a s  t h o s e  
de r ived  i n  t h e  movement p e r s p e c t i v e ;  they  f a i l  t o  a c c u r a t e l y  
account  f o r  m u l t i p l e  movements. 
Summarizing, we note that the Markovian assumption affects 
the movement perspective both within and between age groups, that 
is, it tends to exaggerate at any single age the probability of 
transferring to another region. As a result 
a. the smaller the age interval width, the more 
reliable the transition probability estim~.tes, 
but 
b. the age interval width has no impact on the 
reliability of the multiregional statistics 
relating to an extended period of time 
(possibly a lifetime) 
The transition perspective is affected by the Markovian 
assumption only at the passage from one age group to the next so 
that, compared with the movement perspective, it attenuates the 
stringent consequences of this assumption. Therefore 
a. the width of each age interval n has no bearing 
on the reliability of the transition probability 
estimators so long as n = T 
b. the larger the T (regardless of n), the better 
the estimates of the multiregional statistics 
relating to an extended period of time because 
of the less frequent use of the Markovian assump- 
tion when advancing through the age groups 
Finally, going one step further, we argue that the avail- 
ability of mobility data in the count of transitions over a longer 
period (for example T = 5) necessarily leads to substantially better 
statistics than the availability of similar data over a shorter 
period and hence of data in the count of movements (regardless of 
the length of the observation period). Consequently, it is 
impossible to carry out a direct comparison of the results 
obtained in the various national case studies of the CMS project, 
in which these alternative types of data were used. 
7. CONCLUDING REMARKS 
A comparative analysis of patterns of migration and population 
distribution requires comparable data bases and the.application of 
uniform analytical techniques to derive demographic measures that 
are truly comparable. The CMS study satisfied the second require- 
ment by consistently applying the methods of multiregional demogra- 
phy, which provides the analytical framework needed to integrate 
migration flows with regional fertility and mortality patterns. 
This is necessary because population redistribution is not only 
a consequence of migration; regional differences in fertility 
and mortality regimes also determine spatial population change. 
The application of this framework in each of the 17 country studies 
was made possible by the availability of a standard package of 
computer programs. 
The major obstacle in the CMS study was the inadequacy of 
the 'data bases. Data, particularly those describing migration, 
were incomplete in several countries and were never directly 
comparable. The problem of incomplete data was resolved by the 
application of estimation techniques developed for this purpose 
(Willekens, ~ 6 r ,  and Raquillet 1981), but the limitations in 
comparability could not be dealt with satisfactorily. Method- 
ological research, which was lacking at the time, has only 
recently been initiated. As a consequence, cross-national com- 
parisons of the results of the CMS study have been de-emphasized 
in this paper. Interregional comparisons are drawn instead. 
The comparative research revealed the following: 
M o r t a Z i t y .  Although regional disparities in 
aggregate levels of mortality, expressed as life 
expectancies, are small, there are considerable 
differences in mortality regimes. Large dis- 
parities in infant mortality and young adult 
mortality are evident. 
F e r t i l i t y .  Fertility disparities are significant, 
both in terms of level and age structure. Coun- 
tries with large regional variations in the levels 
of fertility also tend to have large regional 
variations in the age pattern of fertility. 
M i g r a t i o n .  The comparison of migration levels 
is impossible unless measures can be developed 
that remove the effects of variations in reference 
periods and in sizes 0.f regions. Regional dis- 
parities in retention levels confound the effects 
of regional size and mobility level. The age 
profile of migration is less affected by differ- 
ences in spatial and temporal dimensions. Para- 
metrization of migration schedules indicates large 
regional variations--variations that are not random 
but that exhibit systematic patterns, which allows the 
development of synthetic mode2 schedules. Families 
of migration schedules may be distinguished on 
the basis of the values exhibited by the parameters 
of such model migration schedules. 
A comparative analysis like the CMS study can give the 
impression (at least to the researchers involved) that it creates 
more problems than it solves. The application of the improved 
methodology of multiregional analysis to the conventional data 
bases that are currently available poses many problems. Because 
of the methods considered, weaknesses in the data were revealed 
that otherwise might have remained hidden, thus generating new 
empirical and methodological research efforts. 
A few illustrations of the research generated by the CMS 
study were presented in the latter half of this paper. Such 
research has produced several interesting conclusions, which 
help us to judge the validity and comparability of the various 
national results and to advise researchers on the appropriate 
design of future studies of this sort. 
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